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DRAINAGE PROBLEMS 


IN THB 


GANGES DELTA. 


LECTURE No. I. 


Introduction! — The suhjoct, which has heoii Reflected for those luuturos, 
is that of agricultural drainage in tidal tracts. A series of lectures wore 
given at this College in l‘.)()4 by the late Mr. G. C. Maconchy, Superintending 
Engineer, on “ Problems connected with Flood Drainage,” in which the 
inatheniatics of the subject wore fully propounded. I do not propose going 
over this ground again, but, instead, will show you how these principles are 
applied practically in the design of tho works necossary for draining land 
in deltas of rivers ; the title I have chosen for my lectures is therefore 
“ Drainage Problems in tho Ganges Delta.” I shall for tho most part confine 
my remarks to actual problems which have come under my own notice close 
to Calcutta, whore the congestion of drainage has been very marked of 
late ytsars, and where a great deal of work has been don*' recently in 
supplying sluices and drainage ohannels to cope with the evil ; my oljjoct is 
to lay before you tho practical side of the (piostion, so that you will have no 
difficulty in designing similar works, if at any time you arc called on to do 
so. I may say that the principles laid down are also to a very largo extent 
applicable to the drainage of lands which lie beyond tlnj iniluence of tidal 
action. 

Tho formul.'c used have been mostly taken from Mr. Maconchy’s 
lectures, and if any of you desire to ascertain how they are arrived at, you 
will bo able to obtain the full details by reference to tlu.mi ; it would be a 
waste of time for me to repeat them, my intention being to demonstrate to 
you the method of applying them practically to specific cases. I have found, 
however, that it will bo a<lvisable to repeat a portion of one of Mr. Maconchy’s 
lectures relating to the sluice calculations of the Magra H&t Drainage 
Scheme, as my lectures would not bo complete without tlnun. I shall first 
enter rather fully into tho case of tho formation of the Ganges delta, and the 
important subject of reclamation in the tidal portion of this Delta ; after 
which the practical design of drainage works will be discussed. 

FOPIHEtlOB of DoltSt. — Tlio first subject on which 1 wish to speak is 
that of tho formation of deltas ; most of you must be familiar with somo 
portion of the country surrounding Calcutta. As you know, Calcutta is 
situated on the western boundary of the vast delta of tho Ganges ; 1 propose 
to describe to you the way in which this delta has been formed, as it lies 
so close to your doors. You are all familiar with the Hoc^hly, ami you know 
that this river forms one of the mouths of the Ganges. Extending from 
the Hooghly on tho west to the Brahmaputra or Megna on tho east, and 
bounded on the north by the Ganges itself, and the sea on tho south, lies a 
vast tract of low-lying country, much of it„ covered with dense scrub jungle, 
and a great deal of it cultivated with paddy and other crops, which forms 
the great Ganges Delta. If we take a trip over this country we shall find 
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an innumorabli? numbor of rivers or crooks, some of considerable width, like 
the Hoocjhly, and others so small that only the sruallest boats can ply in them. 
If wo enqtiin' as wo go along wo shall b(i told that some of the rivers are fed 
by fresh water from the Ciauges, while in others the water is salty or 
brackish and is brought up by the tides from the sea. In some places we 
shall find that a new river has recently opened out, whereas anotlier close 
by has lately silted up and become obliti*rated. 

Jn th(i southt'rn portions of the Ihdta we shall come into the jungle 
tracts. Hero at high tide we sluill see the water spilling over the banks 
and submerging the land ; at low tide tliis ground will again become dry, the 
water finding its way back to the main rivers throiigli innurnei'ablo small 
channels, locally called " khalst. ” 

In some places we shall see luxuriant crops being grown, while in 
others w(.* shall hear many complaints of how the neighbouring channels 
have become silted, so that the drainage is choked and crops cannot be 
grown on account of the land becoming \vater-logg(‘d. 

Ilia journey like the aliovc! we are- brought info elosi* contact with the 
forces of nature. In the nortliern districts will bo found the oldtsst portions 
of tlie Didta, and in the southern parts the newest, or those which are still 
lieing formed. As the subject of the formation of deltas has an important 
bearing on seliemi's for draining the land so formed, 1 will as briidly as 
possible deserils! the. process. 

Delta formation by flood actiOn.--A river in Hood time carri(>s an 
immense, quantity of solid matter in suspension. In the case of the lower 
reaches of the (langes this is composed of sand and fine mud. This material 
is deposited at the mouth of the river on the sea bed, which after many yi*ars 
becomes eoiisidin-ably raised ; a tim*‘ will eventually come when tin* ocean 
bed is raised so high near the mouth of the river, that the water will become 
shallow, ami gradually shoals and islands will appt'ar tliroiigli wliieli the 
river will force its way ; in doing so it will follow the easiest route t(» tlio 
S(!a, and may at one time choose one particular clianmtl and at anotlim’ time 
another ; or it may find its way through several channels. 'I'he ri'sult is 
that the silt and sand will now be (hqiosited further out to sea and a new 
piece of oec'an b(?il will b(.' raised ; as the new land so formed extc'nds 
further out to 'sea, the Imigtli of the river will be, increased ; as the river 
mouths get longer and longer tln^ loiigilndinal slope will be alt(‘rr‘d and 
becoino flatter ; llood level .at the Jieail of tin.' Delta will gradually rise, ami 
the river will spill over its ix’cmitly formeil banks, raising tliem still further 
with deposits of sand and silt, and the land at the head will gradually become 
I’aisod above tide leviH ; in some cases the newly formed land may be raised 
above water level by tlie general upheaval of the ocean bod ; but where tliis 
dwH not take place?, the land is raised by .a now set of conditions wliich I 
will now describe. 

Delta formation by tidal action. — Let us consider what efiect the 
action of tlu? tid<!S has on the newly forming land ; as you know, the tides 
flow and ebb m arly twice a day (the avt?ragc, perioil being between 12 and 
13 hours ])er title)- The titlal wave crcattsl liy the attraction of the snn and 
moon conjointly approaches the mouth t)f tlu* rivt>r ; the water passing over 
the shoals jutiks up the iit'wly deposited silt where, tlu? eurrent is strong, 
and deposits it again in ))laees where the euri-ont is slack ; titU? after tide does 
the same thing with tlu? result, that tphe ocean bod is raised, sometimes very 
rapidly, in patches. Thesi* patches continue to grow and (nentually appear 
above the water surface at low ti(b*, forming islands : as tlu' tide flows in the 
islands are submergi'd and a fresh deposit of silt occurs ; so that eventually a 
serii'S of low-lying islands are formed at the mouth of the river, which are sub- 
iiHirgod at high titli?. The river itself will And its way to the sea between these 
islands, forming a series of nuiuths ; as time gin-s on tlu? same process will lx? 
contituied further out to sea, tlu? river increasing tlio number of its mouths ; 
later on furth(?r changes will taki? place and some of the mouths first formed 
will lx^!()me joined into one, and the nv(?r will either find another new outlet 
or will deepen one of its e.visting channels. In the Delta of the Ganges such 
chaug('S are frequent, as .a comparison of the oltlesc maps with those of the 
present day will show. 
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An <^xarnplo of a large river which has totally siltml up is that of the 
Oanga Nadi, which used to flow from the Hooghiy at Hastings along the 
present Tolly’s Nullah to Garia, and then turning south passed close to llarui- 
pore and iSurjoepore and on to the sea soinewhere !u>ar Saugor Island. 'I’lni 
bed of this old river, which was the original course of the liooghly, has silted 
up and become nothing more than an inland depression. 

A case of a river which is at present following the. same proct'ss is that 
of the liidyadhari, which flows through the Salt Lakes to Port ('anning where 
it joins the Matla. 1 shall have more to say about this lat('r on. 

Other cases are the Saraswati in the Ilowrah district and tln^ Mhoyrub 
in the Jessoi’e district. 

As the land becomes raised by tidal action dense jiinglo springs up, and 
the time eventually arrives when it has bi>como high onongh for cultivation. 
An einbiankiuont is thrown up all round to exclude the tiih's, the jungh' is 
cleared, and the land is phmghed up ami sown witlj crops. 

It will be seen that, when the formation of n(*w land is brought about by 
tivlal action only, and there is no uidieaval of thi' groiin 1 surface, the. h*vel of 
the land cannot be raisc'd above high tidt' lev’cl ; as the proeiiss continii. s, the 
rate of raising will get slower and slower. The i-eason is this ; when solid 
matei'ial, such as silt or sand, is picked u}) by moving watm-, the Ix'avier })artielcH 
ai'e carried along tli(> bed and the liner particles in suspension in the form of 
mud and the (juantity carried will depmid on the velocity of the stream ; a river 
with a v'elocity of b feet a second will be abb* to pic^k up ami transport mmdi 
more solitl matter than oin' with a vi'ldirity of - feet a second, ami it likewise 
follows that, if the vidooity is reduited from .b leet tf» :i feet .a second tin* waler 
will not be able to c:irry so much silt, and some of it will sink to tli(> bottom, 
in other wonls, the water will keep on pi<;kingup or dr<^)»])in j silt according as 
to whether tin' curn'iit incri'asi's or decreases. In a still pool, then' being 
n<.‘ velocity, the whole <if the silt held in suspi'iision will grailiially settle to 
the bottom, the In.'avier particles lirst and the lighter ones afterwards. If 
there is a niixturi' of sand and mud. the sand will dro{) first and the mud 
afti'rwards ; so that where tln^ process is eontinui*d time aftc'r time over the 
same area, on dif^ingdown into the soil we shall lind alternate layers of s:iml 
ami silt. This is exa<‘tly what you will fiml in the (Jangi*s Dc'lta. If tin' silt- 
laden water is allowed to spill over tin* banks of the rivi'i* on to tlu' land, the 
velocity will In' checked and its silt will be depositi'd on the land. ’Pin' 
quantity di'positcd each tide will d('fH*ml fin the depth of the vvati'r on the 
land ; the gn'ater the depth tho larger the quantity, and oire verso. As tln3 
land is raist'd the depth of water will bec-onu' less and loss, and tho quantity 
of silt deposited corrospondingly loss. Heforo the ocean bod has risen above 
tln» level of low tide tho whole of the tide will pass ovi'r it and in slack 
water a largo quantity of silt will bo doposit('«l ; later on, when the land has 
beeft raised, the f*rst portion of the tide will bo confineil to tho river bed, but as 
the tide rises further a spill will take place and the diipth of water spilling bi'ing 
less, tho quantity of silt will also lie loss. We come then to a state of 

things when tin* land has bo(?n raised so high that only tin* top of the tide 

spills, and, as the top layi*rs of water contain less silt than the. lower ones, 
the amount of silt thqiosited becomes so small that it may tak«' many 
hundreds of years to raise the land another foot ; we I'ventually shall 
arrive at a pi*ri<Kl when oidy the highest tid('s spill, so that only a levr 
tides in tin; yt'ar will bo of us»' in raising the laiul. 

TidOS. — I now come to the in*xt important point, and to understand this 
we must go into tin*, subji'ct of the ti<les ; as I have already saiil, the tide 
flows and ebbs nearly twh’c in tin* hours. If w«* observe*, what happens 

we shall find that the flow lasts from about I to hours an 1 tin' ebb from 

7^ to h»)urs. The peri(xl of each tid(.* from low water to low wat(*r or 
high water to high water varies from \'2 to I.b hours ; at each full and new 
moon the tides will run high, wln're.-is at lialf moon they will have a small 
range.^ The former are called the ‘‘ si»ring” tid(*s and the latter the " ne.aps.” 
Tin? highest spring tides occur either in August or S(*pt(*mber and the lowt'st 
n(?ap8 in Kcbiuiary and ^larch : Taking the tides at Diamond Harbour on 
the liooghly, we have the following re, suits from the thh; tabh.'s of I!) 1 2 to 
prove tho above. 
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During the highest spring tides of the year : — 


Date. 

' High watee. 

Low WATEB. 

PlSBIOD OF 

Kange 

: Time. 

! 

Head- 

ing- 

Time. 

Read- 

ing. 

Flow. 

Ebb. 

of tide. 

August. 

1 H.m. 

Ft. In. 

H.m. 

Ft. 111. 

H. M. 

H. M. 

Ft. In. 

I fth morning 

... : 0 1 

19 9 

8 15 

1 2 


8 14 

18 7 

14tli iiftornoon 

... , G 1({ 

‘21 3 

1 8 34 

0 (i 

r'l 

8 18 

20 9 

1.5tii morning 

... i 0 40 

20 4 

j 8 53 

1 0 

1 ‘ “ 

i 

8 13 

19 4 


Here the How tide lasts about one half the time of the ebb. 


During neaps of August. 



H.m. 

Ff. In. 

H. M. 

Ft. In. 

11. M. 

H. M. 

Ft. In. 

22nd morning 

(5 46 

12 10 

1 8 

(5 5 

5 38 


6 5 

22nd afternoon 

7 3.3 

11 11 

2 9 

6 8 

5 24 

723 

5 3 

23rd morning 

8 27 

13 3 

i ^ 

1 6 5 

5 2() 

7 28 

6 10 


Horo again the flow is about fivo-sovonths the period of tho obb. 


February Springs. 


4 th afternoon 

5th morning 

5th afternoon ... j 

n. M. 

0 44 

1 0 

1 26 

1 

Ft. In. 

15 10 
17 7 

16 2 

IT. M. 

9 10 

9 21 

9 10 

Ft. In. 

1 0 

0 1 

1 0 

1 

H. M. 

;i’50 

4 5 1 

1 

H. M. 

8 26 

8 21 

8 14 

Ft. In. 

14 10 
17 6 

15 2 

Tho flow tide again lasts about half the time of o 

In February— Neaps. 

bl). 




II. M. 

Ft. 111. 

i IT. .M. 

Ft. In. 

H. M. 

n. M. 

Ft. In. 

13th morning - 

8 28 

8 10 

3 2 

4 11 

.5 26 

. • • 

3 11 

13th afternoon 

9 21 

10 7 

i 3 52 

4 7 

n 32 

7 24 

() 0 

14th morning 

10 0 

] 

9 

1 4 59 

4 2 

5 1 

7 35 

1 

1 

0 3 


Hero the flow is about fivo-sovenths the ebb. 

Tho points brought out by tho above figtires are most important, and I. 
shall have occasion lator on to refer to them agaiJi ; hut for the present 1 
wish to point out tliat tho pesriod of the obb tide is always considerably longer 
than that of the flow. Roughly speaking, dunng spring tides the flow lasts 
about half as long as tho ebb, and in neaps is about five-sevenths the ebb 
period. This circuuistance is a most important one as the deterioration of 
tidal rivers is closely connected with it ; what does it mean 2 It means this, 
that a river hocoinos filled with water during the flow tide much than 

it is emptied during ebb tide, and therefore the current generat^ 
tidal wave during flow is much stronger than that during the obb- Ihis 
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again hiwns that during flour the water picks up more silt than during the 
ebb. 'fhe tendency then is for some of th.e silt to be moved back from the 
bed of the sea to be deposited on the land on either side of the rivers and 
khaU. Supposing now we prevent the tides from spilling, my shall confine 
the muddy water to the river itself ; at high tide the current changes 
direction from flow to ebb, and for a short period there unll be slack water. 
The silt held in suspension will commenco to di'op to the bottom of .the river, 
but the ebb current being loss strong than the How, the water will not b»? 
able to pick up so much silt as was carried up by the How, with the result 
that a portion of it remains behind lying on the bed of the river. Tlie same 
thing will occur tide after tide, and eventually the river bed will become 
flUed with silt, and the tides .vill practically cease to ilow ; at tli(< snuu) time 
the land which has been* cut ott’ from tidal spill will cease to rise, as the 
supply of silt has been cut ofl*. This is what is going on now in many (mrts 
of the Sunderhaus, and L need only quote ttu' case ..of the Diamond llarhour 
Creek. 'I'ho up|M‘r reaches of this cre«‘k in 1901 were in go(Kl condition and 
lai'ge country baits used it. In 1904 these* reacluss had entirely silted up and 
the bed was about 2 feet higher than the neighbouring fiidds. This was 
brought about by the tides iieiiig excluded from spilling into the low lands, 
by embankments constructi'd across tin* spill elianmds. In 2^- years over 20 
feet depth of silt was dc'posittni in the npjM'r reaches of this creek. 

From wdiat I have said it will be ch'ar that as the land on the banks of 
a river is raised, the quantity of wator spilling will become less and less, and 
c«)n8equentlj’ a hws quantity will travc*! up tin* river. 'I’he current will be 
I’educed and the river will adjust itself to tli(( new conditions, and will silt up 
gradually as tlie quantity of water spille<l decreases. While all these changes 
are going on we must not forget that the flfjod w'ater from the main river 
tonning the Delta lias to get 8ouioln)W' or other down to tin* si>a ; what hapi)ons 
is that it will pick out certain ohaninds through w'hich the Hoods w'ill pass 
while the other channels \'’iJl disappear. It is the8<i rivei’s which keep np 
the supply of silt which is necessary to cainy on the formation of the new 
land. In the case of the (ianges Delta, tin* upp(*r portion of the Delta has 
been raised somew’hat by iq)lnnd flotnls. with tin* result that the tides do not 
now extend up to the head and ground level at the oft'taki^ of the Hhagirathi 
is now about r(*duco<l level flo’OO. The HchkIs ]iav«* cut out fbr themselv'es 
passages, one of which is tin* Hooghly. It may be asked why this river does 
not silt up liko other rivers in the Delta. The ansNver is that, if it retreived 
no floo<l water at all, it w'fmld close up in n very slioi’t time ; an immense 
quantity of upland drainage water passes (’alcutta yi*arly during the rains, 
and further large supplies come in through the llupnarain and Danuxida 
rivers b(*low Calcutta, so that the river obtains an annual flushing which 
. keeps it open. If we were to (dose the ofiTak(.*s from tin* Cangi'S, it vrould 
silt'up in a few years. Some of the other rivers which carry fresli w’ator 
from the Ganges to the sea are the Dhyrnb, Jellingoe. Corai and Madhumati 
and tin.* Megua. 

Effocto ^ rMlamation.— Vou will see that once a tidal rive.r is prevent- 
ed from spilling, its life almost immediately comes to an end ; now suppose 
tliat at any particular place*, we choose a river and systematically cut oft' all 
means of spilling by erecting emlmnkments on eitlier bank ; suppose the rise 
of the tide is 20 feet and that the laml has only been raisc'd say 1() feet above 
lo*w tide level. 'I’en feet of tlie top of the tide is cut oflF from H))illing, and the 
river at oncf? commences to silt up ; after a few years the bed will rise to the 
level of the land, and shortly afterwards will rise still higlu'r. until the riv<*r 
bed becomes several feet above ground level (we Fig. I). If ini in* mean- 
time the land protected by the embankments is cultivated, W(* shall find that 
the drainagfi will beoonn* choked and there will In* no outlet for the rain 
water. The averagje rainfall in the Sundorbans region amounts to over 
00 inches in the year, and this .vat<!r will li«^ on the surface of the ground 
to such a depth that, after the first few heavy falls of the monsoon, it will be 
BO deep that the crops will be submerged and die, and the land hecoining 
water Ic^gged will bo* thrown oat of cnltivation and I'emain a waste. It is 
.then that the Dirainage Engineer has to step in and improvise a system of 
. draiiiage. The first thing he will find, when ho inspects the country, is that 
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ho has to find suiito new outlet for the. water, or else to opioit up the bid river 
again ; arid if the exclusion of the tidal spill has extended over a lai^ area, 
he will have considerable difficulty in discovering a suitable river into which 
the water can bo drained. 

The further this river is away the more expensive will the works T[>e, 
as the fall per mile will be less and the lengths and sizes of the channels 
will be increased From a drainage^ point of view then it is clear that it 
is very important that the spill of the tide should not be interfered with 
until the land has been raised as high as possible by natural means. Govern- 
ment has recently tixed this level as being the mean of high water of springs 
and neaps. Let me give yoxi an example of a case in which the bad effects 
of premature reclamation are voiy clearly shown. On the south-east of 
Calcutta are situated w'hat are called the Salt Lakes. On the flow tide the 
water finds its way from tlu^ Bidyadhari river through side branch IdiaU 
into the lakes and deposits its silt ; on tlie td)b tide the water flows back 
into the river and the flow and (<bb keep the river open. A pai*t of the 
nortlnsrii portion of the lakes called tlm Panchaunagram basin was some 
years ago cut oil Irom tidal spill bj* an embankment and brought under 
cultivation. In the meantime the tides have continued to spill into the 
lakes to the south ol the embankment ; the land has continued to rise in 
consequence, and is now about fi feet above nu'nn scsa level, whereas that 
within the embunknunit rcuiiains at the original level when tin' embankment 
was made, or about .H to 4 feet abov»( mean sea level. We have therefore 
a low depression in the ground from which it is almost impossible to di'uin 
the rain water, and unless some means an' (h'visod by which a new outlet 
can be given, it is (luite certain that tlu'se low lands will ht'come entindy 
water-logged before long, and (uiltivatitni will C(*ase. 'Phen' are many such 
cases in the Ganges Delta ; you will now see the connection bc'twoen the 
formation of deltas and the draiimge of tln' country, and how closely the 
one is allied to the. other. 

Conditions prevaiiing within the area enciosed by the 24-Pai^anas 

Embankment, — I want to impress upon yon very strongly the ill-t'ff’ects of 
premature reclamation, and I cannot better dt) so than l)y describing to you the 
conditions which prevail at the jm'sent day in the 2l-Pai’ganas district. 
The portion of this district which lies directly to the south and south-east of 
Calcutta will l»e descrilH'd, as it is in this y)art of the country that the 
effects of prematun? reclumation are vtuy mavk 4 «l a)id wdiere in reccnit years a 
large amount of money has b<>en sp(uit in undoing the tlainage done. You will 
see before you an iiuhix i)laii of this part of tlie district {see Index map) ; 

1 propose to descrilu' to y<iu the condition of the country, and why it is that 
so much monty has had to he spent in draining it. The tract in question is 
enclosed within a circular (‘Uibankment, wliich ooinmences at Akra on the 
Hooghly and ext»Mids down the left bank to a place! calhjd (.Miitamari ; the 
embankment then turns eastwards inland, and, after a seri('s of windings, 
reaches the right bank of the Peali river along which it runs in a northerly 
direction to the Bidyadhari ; it follows the right hank of this river tolSaiu<x)k- 
potta and then turns inland agsiin in a westerly direction ,along the south hank 
of Tolly’s Nullah and (uids .'it ( Jaria. It is marked patched on the map before you. 
The total length of this (‘mimnkment is about 185 miles, and it encloses an 
area of about 785 square miles. JUifore this embankment was made the tides 
used to spill freely over the whole of this oountiy, the level t)f which was 
gradually being raised. Tlie land was covered with thick jungle, aiid was 
intersected by innuniei'able tidal creeks ; as the tides spilled over the banks 
the velocity was checked, and heavy deposits of sand and silt accumulated 
on the banks and th<.' lighter silt was carried moi*e inland. The result is that 
the land was raised faster along the margins of the creeks, while at a distance 
the process was much slower : we shall find then that the land will have a 
slojM? inwards and downwards from the rivers. To give you, an example of 
this, at Diamond Harbour, close to the loft bank of the Hooghly, the reduced., 
level of the ground is 10^ feet above mean sea level, whereas only a few miles 
inland it is about 6 feet above mean sea level. If we take another case close to/, 
the same spot at Usti, which is 9 miles up the Diamond Harbour Creek (up. till 
quite i'econtly a tidal creek), we shall find ground level on the bank of thC qre^k 
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aixmt'iO feet above mean sea level and about 8 miles inland it is about o feet 
above niiean eoa level. In some cases we shall lind the level of tlie ground as 
low as 3 feet above mean sea level. The maximum height to which tlu' tide 
rises at Diamond Harbour is 15 feet 3 inches above mean sea lev(jl, and it is 
therefore clear that the whole of the area enclosed within tin* (‘mbanknu'iiL 
lies at a level which is several feet below high tide level ; we ttven find now 
in a few cases that the embankment is cut through at c(>rtain places after 
heavy rain in order to drain water from ontaid(> on to the lower lands inside, 
the land outside having been expoHe<l to tidal action for a longer {MuicHl and 
having become raised higher than that inside. If therefore we w(>r<f to riunove 
the embankment the whole of the country would again be sulmu'rged with 
tidal water at high tide to a considerabh* d(>plh. 1 have just given you 
certain levels of the ground above mean 8J*a level. 1 will now tell you what is 
meant by mean sea level. It iiioniis the mean lev'el of the sea throughout the 
year, and in this part of tlu! country its valin^ is fixed liy referritig it to a 
certain given fixed level, vix., the Kidderpon? old Dock sill. It was found 
after observation that mean sea level was feet al)ov(' thi' level of this old 
Do(;k sill, but later, on when fiuiilnM’ more? careful observations had been taken, 
it was fixed at 7‘98H fe(?t above it ; as the form«>r valut* was used by the 
Public Works Dcjpartment, up till the tiim* the corri^ctioii was madt*, it has been 
decided to adhere to it to prevent confusion. Let jne impress upon you the 
importance of noting in your level bociks and reports and on your plans <;h!arly 
to which mean sea level your levels art» relnrn*d altrai/s : great eon rusinn has 
arisen in several eases where this has not l«*en tloin*. The omission to do so 
may cause months «if diday in an important project, whereas it only takes a 
minute or so to record this simple fact. All the lov«?ls I give yon are there- 
fore referred to the old mean sea level whicdi is ()'2.') IV‘et above the 
Kidderpore old Dock sill. The value of mean si'a levid is O’OO. and any 

levels above this will be called ” levels, and any ladow “minus” 

lev(ds : For instaiufo, -2‘<.)(.) means 2 feet hehtw mean sea level and is 
(6’2.5 - w'OO) = 1*35 feet above the Kid<lei'pore old Doede sill; + 2*0(t iiKuins 
2 feet al)ov(' mean sea h'vel and is (t5’25 + 2‘()()) = 8*2.5 fp(?t above the 
Kidderpore okl Dock sill. 'I’lie Port authorities in ('ahuitta use tin' Kiddor- 
pore old Dock sill as their datum, as it is mor«' convenient f(»r th<'ir 
soundings and surveys, and th»' same datum is used in the tide tables. If 
we wislj to convert the tid(' table' ri'adings into ri'adings on our datum, 
wt> must siil)tract (5*25 fi'Ot from them. Tims a tide shown as being 
1.5 feet 0 inches in the tide tables will In* {(1.5' P") - (♦)' 3")} = S' !)" when 

I'eferredlo mean sea level ; similarly a tide of .*»' 0" will be {(.‘F (T) — (i)' 

= - 3 '3" {soe Fig. 1 1 ). 

1 liav(f told you that the land slope's frenn the- river hanks ebm’jjwards 
and inwarels. It fedleews thmi that wlien rain falls the* rain wate*r will Heew 
away frenn the rivers tenvare Is the' lenvei* laiiels, anel if the /Jmts whierh elrain 
these lands become choked with silt, as will occur as sfeeni as the' tielal spill 
is cut off, the rain water will go on aecuimilaliiig. and the' land will be'cemn* 
water-k)gge!d anel thre)vvn enit of cultivation ; many such case's will be* fenind 
in the area enclose'd by the' 21-Parganas eonbankmeent ; up till epiite a recent 
date the main elrainage chainiels have^ be'e'ii kept opem bj alletwing the* tides 
to spill inte) the le)w lauds, the tleew tide having a fairly free spill carried the 
silt hold in suspensieni em to tlu'see lanels, and the* re'tiirn e'hb scemre'd back to 
the main river any silt wliiedi hael elepe>8itnil in the channel ; gradually an 
attempt was tuade to reclaim the spill are'us, and, as this pre)ee*e'de«l, the rivers 
adjusted themselves to the now conditions, anel some of them eventually 
became completely filled with silt and the beds rejse abewe the leve.'l of the 
fields, so that the drainages was completely stopped anel the water remained 
on the lands :.until it evaporated in the? hot w<»ather. If any e)f you have 
travelled from Calcutta to Diamond Harbour by train before the year 1909, 
you will no doiibtj, have observed vast areas of swamp lands submor^d 
.. with water, as far as the oyo could see. while the only signs eff cultivation 
. were on the higher lands round the village sites. This tract of country 
. forms part of the low basin, which lies between the H(H^hly and Peali 
rivers ; the surplus rain water used to accumulate from all sides in this 
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basin, and the depth of water varied from 18 inches to 6 feet in the 
rains. 

If we walk idon;; the 24>rargana8 Embankment we shall find many 
sluices of ditlenMit si/us which have been built to drain the water from their 
respective basins, and to keep out the tid(is ; it may be asked why the 
tides have been excluded : the answer is, that cultivation has progressed 
so I'ar and the land has becomt; so densely populated, that if the channels 
wore opened out again and the tides allowed a free spill the whole country 
would lie put out of cultivation and wouhl have to be dei'.opulated. The 
[act is tlu! embankments, were made too soon, before the tides had hsd suffi- 
cient time to raise tin* land. If the old regime were restowd the cost 
w'ould b(* (Mumnous ; and so it coukjs about that wo have to choose the worst 
of two evils, and havt; to stoj) nature coin]iloting its work, and have to 
exclud(‘ the tides by making dams at the mouths of the tidal khals and 
building sluices through which tlie rain wat(‘r can be discharged into the 
river which is closest and in the best condition. Vou will still find what 
are called ” «.)pen khale," through which some of the basins are drained, but 
they will all have tt) bt? treiatod in the same way in the near future as they 
all 8ht)w signs of cl«)8ing up. 

Up till (juite recently the sluices which havt; been built have only 
touched the fringe of the area tmclosed by the end>ankment. In the year 
1905 or only 8 years ago, out of 7.H5 square miles, it could bo said that only 
215 square miles wen* supplied with efficient drainagt* works ; these works 
for the most part draim*d small basins closi* to the embankment, and tho 
great central tract was left untouched. Since then a great deal of work has 
been done, men* t?specially in connection with the Magra ll&t Di'ainage 
Schome, and at tho present time about 520 square miles have la'on supplied 
with sluices and their connected works, and drainage schonn^s have been 
pr(?pared for the major portion of the remaining area. 



LECTURE No. II 


Method of preserving drainage channeis by maintaining a spiii.— r 

would now likt* to sny u i'ovv words on tlio siil)j(‘ot of how the unsatisfactory 
conditions provahuit within tin' liJ-l^irganas Knd)ankimuit can he j)n'V(MittMl 
in otlnw tracts open lo ti<lal spill heton* passin.^^’ on to ! In* siih ji'ct of tin* 
di'sign of works. Further to tin* south and cast, n'claniation is in jirogrcss^ 
in many parts of tht? Siindcrhans rcgi(»iis. If this is (continued promiscuously, 
tho sann* coiigt'stion of the drainage* will oc<*ur as pre*vails within tin* e'lnhank- 
nnmt. In fact, trouhh' is aln*ady hoiiig oxp(*riene(‘d in sonu* (!as(*s. To 
reclaim land the following works are carri(‘d out ; tin* .iungh' on tin* margins of 
tlio cr(.M*ks is first cut down of a sulhcicnt width to hJlow of an c'ml)anknn‘nt 
being made' all round tin* island, 'riiis e*mbankm(‘iit is tln*n (constructed, and 
any spill chaninds which fall in its way are c:*los(‘d with 'artlu*!] Inuhllis so 
that tin' spill is cut <^11. 'rin* jimgh* is tln*n all cut down and (*itln*r luiriit 
or (?arri(*d olV in boats and sold, 'riie rain watei* is alh)W(*d to lie on tin* land 
during I h(' rairjs, and in tin* cold W(*alh(*r small woodi*n box slniei*s are Kx(*d 
in th(* emhaiiknumt to drain itawaj’. I5y t his method the sail is gi;nliially 
oxtraetod from tin* surfacje*, and in about thn**' y(*a]*s’ linn*, tin* land lu*com(*s 
snllicieutly sw«*t*t lo rais(* paddy crops. Xow if t.ln* island reelainn'd lies at 
or near the mouth of the riv(*r, tin* tidi*s will continue to Ilow up and down 
past it and will spill over the nnreelainn*d ])ortion abovi*. This sin’ll will 
kc'i'p tin* rivi'f o])(*n, and tin* land n*(;lai!m'd can th(*r(*for(‘ be drained into it. 
1.^ln* rea<5ln*s of tin' r!v(.‘r bet.W(»en tin* island n*elainn*d and tin* si*a will to 
sonu* (*xl.(*iit. deterioi’at e. but the spill abovi* will |)revent them lM*(M)ming 
closed. 

Ihu if the reclaimed area lies at the head of the river, the spill beinjf 
cut oir. the heal of the river will close up and dillicailties will at once arlsi* 
in disposing of the drainage. It is obvious then that if reclamation is 
allowed,, the worst possible i>lac.e to do it is at the bead of t.ln* river, as it 
will aiVect t!i“ river all the way down to the si'a ; and it lln'n*fore follows 
that in or.ler to be able to drain the lands reclaimed it is most nectessary to 
maintain a largi' spill area at the head of the river, as this will i)ro|ong its 
lile, and in the meantiiin' the land open to the spill will he gradually raised 
in b'.vel an. I will be moi’o easily drained (*ventnally. In sonu* cases it will 
bi' advisable to regulate the S|)ill, so as to make it; occur at some particular 
point. The worst eliannels in the Siinderbans are gent*rally those whii^li 
flow from east to west, and they eonneeU up those which (low north and 
south. The tide flowing uj) two of the latter rivers e.omes to th** ends of the 
cross channel, and flows n]> it from both ends, meeting al some point or 
other ; whi*re they ini»(*t the (*urreiit is eh(*(rked and there is sla(‘k water. 
The silt at onei* drops to tlie bottom and the channel heiromes choki'd, and 
will eventually disap])(*ar ; if now we can crt'ale a spill on to the land at tlie 
point wlii'ri* the tides meet, we shall draw iij) the silt on to the land at this 
point, and maintain a strong How and ebb in the ehaniu*! both ways which 
will keep it open. This is an important ])oint to reineml)i*r. as it direittly 
aUf'cts f lit' (piesi ion ol the maintenance of the easti*rly running ehannels for 
the large steamer tralHc l)etweeii (lalcntta and Kasteni llengal and Assam. 

Kxamph's of easterly running channels which have silled nj) or are 
doing so are till* Angeria (Irei'k, (%)\ali Khal, Atra liiiika and roily s Nulla. 

I think I have now said eiiou.gh to give yon a gi)od iih a ofthe method 
by which deltas are foianed and the ill-i*irccts of premature i-eijiaination in 
tidal areas ; but befon* procei^ding to tin* practical side of this ipiestion I will 
sum up th(» chi(*f points I have brought befon* you. 

l)(*ltas an^ formi*d by the action of rivers canyin.g solid material in 
suspension, whicli they de[)osil at their mouths due to a retardation in the 
V(»locity of tin* cnrnuit. 

The formation of di'Ifas is assist(*d within tidal limits by tin* tides 
carrying back the silt inland from the shoals on the s»*a bod. so as to deposit 
it to form islands which are gradually raisi*d by succ(*ssiv(' deposits of silt. 
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Tln^ slopo of tiu* laud thus fonnt'd ia downwards and inland from the 
rivers. Heclauiation of new land should ho postpoiiod as long as possible 
until tln^ land has Ix'tMi well, raisi'd. Proiiiaturo reclamation does an iminonso 
amount of daiiiagc^ ; it causes rivors to silt up and disappear, and chokes 
the drainage of the country and vvnttu-logs the land. 

Kor pro feroneo spill areas should l)o maintained at the heads of tidal rivers. 

The proportion of solid material cavri(*d by .a river depends on the 
vel<H‘ity of the current. 

Preparation of drainage schemes: Preiiminary Enquiry. — I will now 

take up tee (juestion of the pn'paration of drainage schenu^s and the design 
of works noC(.'ssarv in tidal tracts. 

Tim works recpiired are — a suitahle chanind through which to discharge! 
tlu' rain water. 'I’his chanind must conm'ct the low lands with tint river. 
It inust hi' closed at the mouth to exclude the tides, and a sluice must he 
huilt through which the wati'i* can l>e ))asse(l into the river. The channel 
must he hridgi'd where\er ni'Cessai'y. The sluice cannot he huilt on the 
I'xisting channel, as this has to he lelt open for drainage during construction, 
and the foundations will jiroitahly he very had. It must therelore he huilt on 
new ground a little way irom the channi'l and a connecting cut made to it 
called the diversion channel ; when the sluice is conipletiHl the old channel 
is closed up with a cross dam and the water diverted through the new cut to 
the sluice. 

Oceasionally it happens that the low lands are (dose to the sluice, in 
whieh case no channel at all is necessary to lead the water to the. sluice. A 
(*ase in point is that ol the Idiutkliali sinict*. Sometinu's tlu' existing (diannel 
may h(' of siilHeient section to earry the drainage, in which case the cost of 
works is decreased. 

\V hen it has hi'cn deeided that a hasin reipiires draining, the very first 
thing to do is to go personally and inspc'ct the eountry in (jiiestion. 'I'ho 
best time for this inspc'ction is during the rains when the land is siihmerg(id ; 
you may obtain a perfi'ctly dilVen'ut idi'a of the eomlitions prevailing hy 
inspecting at this time of the year than if yon inspecti.'d in thii dry season, 
and you will also he able to take observations of the depths of wal(*r, etc., 
which you could lujt do at any other tinn* of t.he year; on such insix-'otions 
empiiries should he freely inadi* of tin* lo(;al inhabitants as to why the. 
drainage has heiamu' congested. A lot of useful information will ho gaim'd 
first hand ; yon will liiid old iidiahitnnts most prohahly who rememher tim, 
time when no trouble was exiM'ricmjeil, and they will tell you how tin* 
water iisi'd to drain away. 'I'liis ini'orination should he followed up and tins 
old channels insjiected and their condition noted ; the rivt*rs into whieh tln'V 
lead should he iusjsecsted and any signs of deti*rioratioii in tliesn sioted. In 
fixing the river iiit(» Avhieh the water is to he discharged it is oftt'U of h:'!]) 
to know how drainago is done at tin* time of inspiKstioii ; yon will pnshahly 
find that some water is got rid of somehow or otln*r, and hy following this up 
you may lind a better outlet than you ohtaiiu'd hy following the line of the 
old (li'ainage channels. It is sonn>tiin<ss much hetti'r to striki* out on a fresh 
line', than to adhere' t(» the old ori" ; in tin* course of your eiinpiiriiss you will 
very likely find that some of the wati'r is drained across the hoiiiidary of the 
hasin into some other hasin, thus inei'easing the llocHling in the latter ; you 
will at oneci note this, and in preparing your sclusme will try to prevnsnt this 
happening : ones of tins most im])ortant matters to he discidt'd is the position 
of tins outfall, that is, the place wlnsre you are going to disehargo the water 
into the river. Tin* givat thing to makes suns of is that the river you have 
chosc'n is not a rajsidly dying oms ; if tln*re are any old cross sections of it, 
you should ohtnin them and haves fressh ones taken at the same places ; hy 
pl(jtti)ig theses new se'estioiis oji t(» tin* old yon will ho ahlo to sco at a glance 
what is going on ; you will know the datess on w'hich each set of sections 
were record(*d, anel from tlnsse you can roughly e'stimato the rate of detesrior- 
ation ; at tins same times you should explore the rivesr aboves to ascesrtain 
wlnsthesr it has a good spill area to ke*e*p it open, and, if so, whether thoies is 
any likclihoex! of this heiing reclaimed in tlio nesar future ; in fact you must 
apply practically what you have* learnt coneesrning the formation of deltas, 
and the effect of ruclamatiun on this particular river. 
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You should also ascoitain whothcM* tlio rivor is sulijool to land HimkIs. and. 
if BO, find out how long th<*so flcHxls last, and wlH'tlior t.lu*y arc too higli to 
permit of draining into it ; ilu' best typi; of river to clioosc' is luidoiibti-dly 
one like tin* Ilooghly, which obtains a giwxl annual Hushing and will tlii'rc- 
forc keep open, as far as can be s«-en, for many years. 

You innst also satisfy yourself that there is no inimeiliatc' chance of tlu' 
river altering its course and h'aving the slui<*e high and dry ; als<» that ( he 
river is not rapidly encroaching, so as to threatm) to oiitllank the sluice. 

The worst ))ossible place to build a sluice is at the u|ijH‘r end of a tidal 
hhal, for although the drainage wat(«r will tend to kei-p it oixui. silting will 
goon during the dry months, ami the will gradually close uj) unb'ss 
peruxlically clearcil of tlui silt. Then* an* sc'veral cases when* such mis- 
takes have b(*('a numle in tin* 24-l*argannas, such as those of Arapanch 
Khari and Surjipore. I shall t(*ll you something about these later on. 

If you cannot obtain a riv<*r which is annually 'Ibisln**!, then tin* liest 
deep tidal riv(*r availabh* shouhl bi* chosen ; tin* tides ])assing up and (b>vvn 
in front of tin* shnia* will then maintain a good outfall foi soim* years at 
least, so long as then^ is a good S])ill an*a above. 

I f you an* satislii'd that the riv(*r is fast closing up. you must try :iud 
find some better outfall. 

Inside^ tin* basin itself you should (*n<|uir(‘ of the local people the depth 
of wati*r gt'iierally lying on the fields during the rains, ami also the highest 
IUmkI marks ; you should conrtrm tln‘Si* ligures by ins|){*ction during the 
rains and (*ventually. when carrying out your surveys, you sliould record the 
reduced h*vels of tlies(' marks ; the ordinary and highe,st llood levels are 
figures on wdiich all the (adculations are basisl, and it is tlierefori* most 
important that they should l»e aeeurat(*ly c)btaim‘d. 

Von will probably lind that most, if not all. of tin* old drainage hlmh 
are silted up above tin* h*vel itf the fi(‘lds. jind you iniisl. bear in mind that 
it maybe found eheap<‘r to cut an (*ntirely new channel across tin* fields than 
to exeavat<* the old ones ; and ther<*fon*. while gradually forming your i<leas of 
tin* scheino you are going to pre])ar»*. you shoidd keep your eyi*s open to lind 
out the la'st alignments for such channels, avoiding as much as possibh* 
village sit(*s. 'Phis sav(*s in expense and also iirevents disturbing the people : 
on the Magra Hat Seh(*me. which cost ov(*r 20 lakhs of rup(*es. we found it 
}»ossibh* to carry out the scheim' with jiractically no disturbama* to the* pe(tplo 
in their hous<*s, an<l itnly two small sheds had to be remov(*d ; y«)U will in 
fai.*t, as far as praeti<ad)h*, follow the lowest ground avoiding hoinesteail lands, 
while at the saim* tiim* taking the. shortest roul,(' to the outfall. 

'L'he ni'Xl. tiling’ to <lo is to soino lly 1 (*\m»1s takiMi ovor tin' c.omitry 

with a vi('w to olitainini? tin* lov{»l of tli«* foiiiitry p^onoraily and ospc'cially 
of tjni lowi'st lands. Von niiist riMiKMiihor that yon have* to drain ont tln^ 
WciU'r p(‘rft‘ctly (Iry for harvi'^tiiiH* o|)(*rations ; yonr h^Vf‘ls should l)«‘ tak(*n, 
as far as |)osHil)h\ aloi^pf tin* lin(*s ohfisoii for tin* outfall (thanin^ls, and yon 
should hav(‘ S(*ciioiis tak(»n of any ohl drainagf** <?hnnn(»ls wliioli oxist. 'rinu’c*. 
may ho si^voral sots of low-lyin^^ lands in tin' sain(> Basin, and you must 
liavo loV(*ls takiMi Ix-twoon thorn, as you will havr to ooniu'ct tlnun all up 
with small ooniiooting ohannels. Tho positions of tln^so low lands must ho 
markc^d on tin; plan. 

Tidal observations.— i htm ngiiin when y<iu have decided on tin* position 
of the outfall you should try to collect any information then* is about the 
tides ; in some eases this may have already heen n*c*orded, hut in otlu-rs you 
will have to fix a gaug(* at the site of tin* proposi*d outfall, a]ipoint a trust- 
worthy gauge reader, and r(*cord tin* high and low water h*v(*ls of tin* tidt* ; 
in addition to this tin* gauge rea<ler should lx* made to take half-hourly 
readings of tin* gaiigi; to cnahh* yon to plot out tin* tidal curves. Tho 
readings should he rc(!ord<‘d from dune to l)(*ci*mh<'r, i.e., throughout tin*, 
drainage season ; to plot a tidal curve tln^ tinu's at which tin* readings are 
recorded are plotted to a suitabh^ scale horizontally and tin* guagt* readings 
vM'tically. . and you obtain a curvt* liki* tin* on(*s before you f Fig. HI), d’ho 
higher of the two curves vepr(>K(*nts a “ spring ” tide and the low»*r a 
“ neap” tide ; you will 8<*e that the spring tide curv, ris(*8 very i*apidly at 
first till about half How tide, and then changes and rises slower and slower 
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until Jiigli is reachod ; it tlmn ooinnioncus to fall, rapidly at first, and 
tlion much more slowly ; in the ease i)f the neap tide the curve is much 
flatter, hut of the* sann* type .'is that for spring tides. 

It is most important to have tln'se guage readings taken, unless you 
have records at some other gauge close hy ; the variation will then he very 
small ; hut the tidi's in dilVerent rivers vary ; for instance, ma.ximuin spring 
tide at l)iamond llarl)onr vises to 15 feet 8 inches above our datum, whereas 
in tin* l*t>ali river th(» level is oidy 12 h'ct. 

In some cases the thlal curves are ohtained hy means of a S( ‘If- recording 
tidal gauge ejn'rated hy a fhwt. 'I'he curves in front of you have been 
rcconled in this way hy the instrument at Kidderpore. This consists of a 
long <lrum which is n'volved hy suitable clockwork once in 21 hours. The 
l)aper on whi(;h the record is to luf talu'ii is wrapjjed round this drum, and 
the pencil which draws r.ht‘ curves is attached to tin? lloat. .Vs the tide rise's 
and falls tin* pencil is drawn along the paper one way or the. otln'r .and records 
tin* height of the tide*. The float operates suitable gearing, which (‘iiahles the 
scab' being fixi*il at any value required. In these particular eurv(!S the' scale 
is|{th Inii si/,( 

'rile highest spring tide level is of importance in fixing the height to 
which the sluice and other works should he Imilt. to ])revent overtopjiing, and 
on the low tide levid will depend the level at which the floor of the sluice is 
placed .as I shall point out later on. 

In addition to tin* above inforni.ation, a skeleton m.aj) of tin* basin to he 
drained should he prep,ar<*d, slntwing the jiositions of tin* swamps, and the 
old drainage tdiannels ; if this map is to a snfVieiently large scale, the rednci'tl 
h'vels of the ground can hi* noti'd on it, ground levels he.ing shown in red 
ink and water h*vels in blue. 

It is most inqiortant that tln^ information eolh*eted should lie as eomphUe 
as pessihh' ; a great deal of delay may occur <lne to some omission, and if the 
ilata on wliich the scheme is Itased are complete, they may h'ad to a total 
revision of the wlioh' scheme, which may result in a more eflicii'ut and eheajx'r 
proji'ct being carried out. It must never hi* forgotten that yon are dealing 
with the forei's of nature, and if yon make a mistake nature will lind yon out. 

From the above yon will now he able to make your rough esfim.'ite, wliieh, 
with a few I'xplanatory preliminary plans and a full I'eport, have to he submit- 
ted to (lovernment ; as the rough estimate is made, out on the same principles 
as the di'tailed one. in order to avoid repetition 1 will not describe the way in 
which it is pri'pareil. 

Detailed calculations and estimates.— I will now describe how the 

detailed calculations and estimates are made ; and in doing so. I thiidc the 
best j)lan will hi* to givi* yon the details of a dr.-iinage sclieini* which has 
ri'cently h(*en execitti'il. I havi* (*hoS(*nthe .M.agra llfit Dniitiage Sehi'ine in the 
2 f-l’arganas, as this scheme is the last that has been carried oitt, and it is 
also the largest. As 1 h.ave already told yon, there lies a large area of low- 
lying country bet weeti 1 he llooghly and the Peali rivi'rs wliieh forms part of 
the largi* central basin enclosed within the 2 f-Parganas Kmbankment ; it is 
shown on the Index map before you, 

Atl(*nfion was drawn to this basin, which in all meastires 2!>f sipiare 
miles in I'.XM). after the heavy d(*luge which iMscurred in Septomlier of that 
year; till* niinfall recorded at l);amom Harbour and Snrjipore, both of wdiich 


lii^ iiisiMr ilu* lit'isiii, \v;is as i allows : — 



Date. 

Hit rji pore. 

Diatnond Harltour. 

LSth 

2’ 12 

1-lU 

l!»th 


8*S).a 

2t»lh 

11 -88 

It)- 78 

21si 

5-70 

7-8.5 

22nd 

irho 

8-.5S 

2;}r<l 

(vrt; 

O-bi 

2ttb 

.Ttii; 

8-()() 

2.aHi 

0-.')0 

2-t).'> 

Total in !S ilays 

... 8^vi7 

.88-77 

Average I'cr day 

... P4i 

4-85 
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The fall of 16*73 iuches in one day at Diamond Harbour is extraordinary 
and likowise tho average daily fall from the H)th to the iMst. wliicli amounted 
to 9*11 inches at 8urjiporo and 9*51 inches at Diamond Harbour. 

Tlu‘ efiect of the rain was yemarkable ; to (iur)te Mr. (r. (’. Maoonchy. 
who roporteil on this flocxl : — 'rhe> effect of the rain was remarkable ev»»n in 
a district wliich habitually iindorgoes sev(>re Hooding. TralHc on tlni 
Diamond Harbour Uaihvay was interrupt(*d, and tlie district roails wcu’e 
impassable exci>pt in Insits ; very largo areas of cro|)s were com))lott'ly 
submi'rged ; large numbers of house's bdl and then* was a considerable loss 
of catt]<‘. Tin? wate.r subsid(>d slowly; near Arapanch it Jjad falhm only 
1 foot 6 inches to 2 fec't on the Ith ( )ctobt>r, and near the 12th mih* of the 
Diamond Harbour Uixid it had falh>n only about 1 foot 3 inches to 1 foot 
6 inches on the 12th {)f October.'’ 

In fact the whoh' country was deeply subnimged, the watei finding its 
way from one- basin to another, and parts of the counCi'y wt're not drained dry 
again for some months. An exhaustive »‘m|uiry was made into tin* cause's of 
tliis extensive' Heienling. The' whole' eif-the* are'a within the' e inbankme'iit was 
ejivielesd up intei se*parate basins anel a re'peirt pre'pare'el sinewing the re'eiuiro- 
me'iits eif e'ae'h. The' teetal are'a elealt with was take'ii as 719 sepiare' mih'S, anel 
by a reiugh calculntieen it was slnewu that sluice's ivcpliring a ve'iitage' eef I, DM) 
sefuare) lee't, we're' re'epiire'el tei elrain this are*a, whereas the' actual ventage 
esxisting was emly 1,873 square' fe'e't ; subse'epiont nmre ele'taih'el enepiirie's 
sheiweel that the,' total are'a was 760 sejuare' miles anel that a ve'iitage' of 1,322 
sejiiare fe'e't was re'qiiire'el ; an Ineh'X map was also pre'pare'el similar tei the; e:>nei 
be'feiro yeiu, showing all the basins. Some alte'ratieins wewe' maelo in the 
beiunelaries, and in seime' ease's twei en* nmre basins wore incluele<el intei emo 
elrainage^ sche*me>. Tim final re*sults are shown in the' Inelex map. This 
ma]) re'pre'se'iits the' ceinditions preivailing tei-eiay. 'fbe' basins which are 
supplie'el with ellicient elrainago facilities, theise which are' now be'ing elraiimd, 
and tlieise' which rennain tei be' elraine'el are' iinlicate'el by elillerent kinels eif 
hate'hing. Yeiu will se'e* that the* wlmlei are'a has lu'e'ii ceinsieh're'el. This is an 
impeirtant matte'r ; wlie'ri' iietssibh', the' wlmle' eif the' are'a lying be'twe'e'ii twei 
rive'i's in geieiel emnditiein sheiulel be' emnsiele're'el. My eloingthis you tlie'ii make' 
certain that you have' eimitte.'el imthing, anel yeiu will preibably find that seiveral 
basins e-an be* combiiu'el into eine* ])reije‘ct, which will che'a]}e'n the' e'.ost. Since 
1900 a large amount eif weirk has be'e'ii deine, anel at pre'se.'iit the' total sluice' 
ventage* siqiplie'el is 3,.')08 sepiare' fe*e't, and e'stimate's have be>e*n preipaivel lor 
aiieitlie'i* 7<i0 sepiare' lee't. which h'ave'S e»nly a I'e'W small basins to be.', di'alt with. 
One of the' propeisals put feirwnrel was tei elrain the' large ce'iitral .Magra IIsU 
basin. Kneiuirie's sheiwe'el that many of thee cliauiie'ls we're* silte-el up, anel the 
emly eiutb'ts we're* through tho Dianmuel Ifarbeiiir ()re'e;k on the* we'st ami thej 
Surjipeire sluice' ein the- e'ast. The*- cre*.e'k ran alineist intei the ce-ntral part 
eif elm basin, anel up tei Hsti. 9 mih's inlaml, was in fair oreh'r ; bi'yonel 
this up tei Magra Hat, /.e., the* Na/.ra ami tSangrampore' hhah. it was baelly 
silte'il anel showe'el signs of cleising up altogi'tlmr ; on the-' othe-r siele- the; 
Surjipore sluice (a O-ve-nte'd eine,*) elraine'el through the Suriipeire* hhal, which 
was 6 mile's leing, intei tho IVali riveer ; the khal was baelly siltejel anel the; 
sluice was unable tei discharge tei its full capacity. 



LECTURE Nq. III. 

A 

Magpa Hat Drainage Scheme. 

First scheme proposed.— I'lu^ first HC'houui pvc)])osc(l was to builil a nciw 
slnico at I'wti to drain into tin* c.roi'k, a drainago idiannol Ixnng cut from the 
sluice to the swamps ; this sluict* was to sen ve the ar(?a north of tho railway ; 
a S(*coiid sluice was propos(>d at the mouth of the Sangrampore kluil to drain 
tin* country to the south of tin* r.ailway. In ordi*r to pr(‘serve the creek 
from fiirtln'i' deterioi'ation, it was pro]K)S(>d to j*xcavate the khnl to liatugunge 
and also those In^yond ; the idea was to keep theses khala open, so that the 
tid<* would have a free run in front of the two proposed imw sluices ; hut it was 
found before thesi* proposals were matur«*il that the deterioration of the cn>ek 
had a«lvanc«Hl so rapidly that the Sangrampore and Xazra khals had totally 
disappearetl, W h(*n I saw these; khnla in April 15)05 tho beds wen* from 2 to 
3 feet above tin* in*ighl)ouring fields, ainl all drainage was totally blocked in 
this direction. 

SsCOnd SChSmS propossd. — 'I'ln* idea of pla(;ing tin; sluic(;s on the bank 
of the enu’k had therefoi’e to Ik; abandoned, and it was deci»led th.at the 
main sluici* should Ik* constrHet(*d at tin; mouth of tin; ere«;k at Diamond 
Harbour, and tin; er(*('k closed with a dam to exclude tin; tides and so 
prevent them from doing any furth(*r damage. At the same time it was found 
that as the llabka ainl tSurji])on* basins wen; so clos(*ly connect('<l with the 
Magra Hat basin, it was desirable to iiicliuh* the thret* in one scheme to 
pn*v«;nt an ov»*rHow taking plaet; from oin* to anotlnu* ; tin* an'a draine«l by 
the 8urjipori; sluice was part of that to be draiin*d by that at Diamond 
Harbour, and so could not be separated ; in the casi* of tin* llabka basin an 
overilow would have oecurri'd across the boundary ; this basin had only 
oin; small open khaJ tliroiigJi which to drain tin; water, wliieli was rapidly 
closing up. 

In the case ivf tin* Surji|)ore basin it was d(*cided that the b(*st thing 
to do was to (*xcavate the. Surjipon; khal, ami to plae** the sluice at the. 
mouth on the bank of the P(*ali riv(*r. and to close the khnl at the mouth to 
<;xclude the tides. Tin* Habka basin was treat(*d by huililinga sluice at the 
most conveni»*nt ])laee on the Peali riv(*r. and tin* open khal was closed and 
a connecting cut made* to tin* sluice*. 'I'hus it will In* seen that the riveu’s 
chos(*ii W(*re tlie best available, both being largt* and dei'p. As alri*ady stated, 
it would have be(*n a great mistake* to have pla(*.eel tin* Diamond IlarVaair main 
sluice; iit Usti. Jis be*feire‘ it eeuiUl have* bee*n brought into e)pe*r;itietn the* e;i*e.'e*k 
wemld have* silte*el ei]) anel the; sleiie:e* h*ft high anel ilry ; by aelvane;ing it tee 
the; margin e»f the; be*st rive*r available*, the* se;he*me* has be.*e*n maele: a most 
ott’oetive enn*. The abe)ve> sinews henv important it is te; examine; the* channe.;! 
into which it is proposeel te» discharge* the* wate*r, to preva*nt cx])(*nsive; we)rks 
being re*nele*re'el use*h*sa shortly after they are; e*e»nstructe;d. 

The; full black lines on the; Imle.K map show the chammls which W(;re 
(;x(;avate*el. 

Choice of alignments for main outfall channels. — 1 ne)w come to the 

calculatieens few the sleiice* anel channels ; Knrve‘yK we>re* maele e)F the e»ld. 
chaiine'Is, and wate*r anel greainel l**ve*l8 rece)rde*el, the* lemgths e)f the* e;hnnne*ls 
being me*asure'el. Prenei the surve*y8 it was feamd that in the main Diamond 
Harbeeur basin the le)vve*st lanel lay round Magra Hfit ; the; le)we;r re3acheB of 
the crce;k be'leiw Hinelal were* in gesiel oreler, and be*twe(*n Hiiielal and Usti 
we*re' silting up fast, but as yet the b(‘d was lowi'r than the; fielels ; the 
<;re;(*k was th(*re*lbre chose*n as the main outfall channel ; the question 
then arose as te; how the; lanel te» the south of the raihvay was to be drained ; 
it was at first pre»))e)se*el te# enlarge; the* railway brielge* ewer the Kaora- 
pukeir k/m/ ne*ar Magra HAt, in e)rde*r to cayry all the* drainage*, te; one channel 
e;n the* north of the; railway ; the 8che;me was carriiKl out uneler the 
{Sanitary Drainage Act unele*r which no compensatiem is paid for old river 
ew k/iu/ beds ; a railway brielge of 100 feeet span existed ewer tho Nassra 
k/iri/ and it was lounel that by using this and the Sangrampore Ha/ the 
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the C(J8t would bo loss, as the land would cost almost notliing ; so a 
main outfall clmnnel was desigiunl for the area north of the railway and 
another for that to the south. ^I'he total ari'aof the basin is 21.5 square miles, 
of which .50 square miles liestotlu' south of the railway, and the railway bridgti 
was found to bc^ just wideenrtugh to pass the watc'r. In addition to these two 
channels which join at Usti, a third, called tin* Srichandra khal, ent(‘rs the 
creek at tlu' sanu^ placft*. 'Phis ehanin*! was fully silted up, but it was found 
to be the. cheap(?8t to re-excavate it, as the cost of land was small, the bed 
being widi' enough for the spoil banks. 'Plu' other channels will be nnuitioned 
later on, but the abovi' thn'e an* the main ones. 

SluiCB calculations. — The total area drained liy the sluiei^is, as stated, 
21.5 squan* miles. In other similar 8ehem«>s in the H(*wrah district it has been 
found suttieient if tin* works are made ca|)able of lowering the flood over the 
whole area hy f inch in a day ; t(» prov'idc* for siudi^ cataclysms as that of 
15)00 would be far too expensive ; in normal years the above rate is snilicient, 
and is termed the run off” ; tin' rak* of “ run off” iii this particular case was 
taken as ■(> inch as a mistake was made in tin* calculations, but as will be 
seen later on th(> acUaial “ run off” is iinm*, diu* to reasons which will be 
mentioned. 

Now if we wen* going to ilrain the basin into a non-tidal river, tlu' dis- 
charge' rc'qiiired wuulil lu' : — 

215 stpiare miles x ‘0 of 2()'!) e. ft. second = .‘1,170 (!. ft. second. 

Th('. figure 2f)‘5) I’epn'sents tin' elischargt' reepiired to drain off 1 inch of 
watt'i* from 1 square mile pt'r day, and is ;i figure, to be renu'mbered : it is 
gern'rally taken as 27 c. ft. ase'cond; but as we' are draining intee the Hooghly, 
which is tielal, the.- tiele* will rise' aheeve the* h'ved eef tlie elrainage* wate'r 
during high tiele', anel the* sluice* will ci*ase' tee elischarge' fe)r several hours a 
day, and an allowance- has te) be* made feer this. Le.'t me explain what 
happe'us : at leew tiele* tin* wate*r will eliscliarge* fre'e'ly threnigh the* shiico; as 
the* tiele* rise's the' he'ael will he-e'enue- le-ss anel le-ss till finally, whe*n the* tieh* 
rise's tee tin* leved e)f tile* wate'r insiele* the* slilici*, eliscliarge* will ce^ase*. Snppeis- 
ing. lor instance*, tin* fleioel leve'l in the* swamjis is lO’OO anel the swaiiqis are* 
10 mile's away ; if the* longitnelinni ali in the channe>l is 0 inehe's i)i*r mile*, 
the' le>ve'l e)f tin* wate'r at tin* sluice will be* o'OO (Fig. IV). If New tiele* loved 
is — Ji'OO anel high tide* is at I2‘00, the- slnice* will continue* elischarging until 
the* tiele* rise's to the* inin'r wate'r h'Vi'l eif .5’0() ; eliscliarge' will tlieni ci>:ise' while* 
tin.' tiele' rise's to high tiele' at I ::’()(). It will still re'main stek|ipe'il until the* tiele* 
has raile.m tee .5‘()(), wile'll it will (.'e)iiiine'iic(' again ; so tliat tlii' sluice" 
will eepe'i'ate* as long as the* tiele' is be'leiw o’OOainl wi ce-ase' to e|o see as long 
as it is aliove' o’OO ; this is wln-r*' tin- tielal ciirve-s e'eaiie in ; freeiii tlie-se* we*; 
can scale' eefftlie* iiniiibcr <»f Inenrs that the* tiele- is be'leew o'OO anel see eebtain 
tln-jie'i-ienl eif eliscliarge-; snpjeeese' this is l(» Inenrs pe-r elay ceeniitiiig tin- twe* 

tide's, tile'll we' have* to iireiviele- feir an ine're'useal eliscliarge tlis of 


of .'{,170 e;. It. se'ceeiid = 5.20.5 ej. ft. se-ceenel. 

As a matte*r eif fac't, as the- tiele- risi-s the- disc large' of the- sluice- will 
graelually gt'l le-ss as tin- he?ael ele-creMse-s, anel the wate-r coming frenii the 
swamps will ('edle'e-t, or poiiel up in the* inner chaniud, so that the- slnice* will 
ee'ase* tei eliscliarge' at a senneswhat higln-r U'vcl ; this ponding up will ceiiitinne' 
while* the* tiele.' is ai'eive- the- inin-r e'lianin'l le-ve-l, and tin- re-snlt will be; that the* 
sluice' will c*)mi!ie'nce' te* elisesliarge* at a higlie'r h've'l than that at which it 
oease'd. In tin* case of a sluice* discliurgiiig freim a swamp which is clewe te) 
it. both the* closing anel tin* eiiu-ning le'veds may l)e* the same' as the water le*vcl 
in the swamp, but it can neveer be- higher. ■ 

Breast-walls.— Now tln> tiele* h've-l may fall as low as~5’00 at Diaiinitnl 
Harbour in the elrainage s<'ase)ii ; the* nnin swamps are- al»e.)nt Kf mile's from 
the sluice, and lloeKl le*ve'l may rise* to 12‘00 in e'xtraeirelinary case's ; this 
nu'iins a fall of 12 + 5 = 17 feet in 1.‘5 mill's, eir about 1 loeit 4 inche's ))e*r 
mile. The ve'Iocity elite! tei this fall will he* much gre*ater than tlm soft alluvial 
hanks of the channe*ls eian stanel witlniiit in'eisieni, and with water le'vol so low 
at the sluice* discharge* will take place for emiy a fe'W Inmrs eliiring tlpi <lay. 
If we keep the low watesr le*V(*l at the sluice* as hi<rh as possible, we shall be* 
able to drain for a longer time, anel in senne e*ase8, eiuring neap tidies, when the 
range of the tide is small, discharge may occur over the whole tide and not 



16 


cease at all. A very simple way of keopinf; up the water level at the sluice 
is adopted : if we build a “ breast-wall ” or woir just above the sluice, the 
water level will not bo able to fall below the level of the crest of this weir, 
aiitl so long as the tide is below this level the discharge will not be ahected ; 
as the tide rises above the crest it will, start to back up the water, and 
decrease the discharg(^ ; at the same time the water inside will pond up, hut 
the tide, rising faster, will eventually come to the same level and discharge 
will cease ; of eourst*. the raising of the level of the tail water at the sluice 
will decrease the longitudinal fall of the channels, and we have in conse- 
quonc<t to d((sign wider channels ; the cost of these will be increased, but the 
discharge of the sluice will he for a longer peri(xl, and we have to balance the 
on»! against the other to obtain the most ('conomical results ; you will see 
before you a section of a sluice with a hreast-w'all to show what is luoant 

(Fig. V). 

If there was no breast- wall to the sluice, we should have to calculate the 
discharges from th(? ordinary sluiet' formula — 

Q = 

whore “ h ” would b(' a varying quantity, <lepending on the ris»* and fall of the 
tides ; hut as all tidal drainage sluic(‘S are now constructed with l)reabt.-wall8 
the discharges must hi; caleulatc'd frPm the weir formula — 

Q = V- Lhy/ll 

where L = the length of tlu' breast-wall and h = the depth of water passing 
over it. 

The length “ L ” is calculated from the discharge required, th(' head 
“h” being chosen from experience ; gmierally speaking, it is lixiid between 
3 and -1 feet : the reason is that with a greater do[)th of watcu’ falling 
over the breast- wail, the vibration set up may cause damage to the lloor 
of the sluice whore the water drops, as in this part of tho country the 
foundations an* not gtuierally g(.K)d enough to withstand to*) great a shock; 
another and more important rt'ason is th.at the h.'ss tho vahu' of “ h ” is, 
tho greater the available fall in the channels will l)e ; in the Diamond 
Harbour sluice the depth of water was originally fixed at .3 feet, and the 
crest of the breast-wall at rediici'd level O'OO. 

In the Usti sluice tho depth allowed was 4 feet, and the crest of the 
breast-wall was + iJ'OO ; in order to obtain as much fall as possililo on 
account of the increased “lead” of 5) miles to Diamond Harbour, tlie 
depth over the bri'ast-wall was decreased by 1 foot anil the crest was 
lowered 2 feet, making a total gain of .3 feet. 

During tlio large flood of DM)0 it was found that tho water rosii to 
+ 10*50 at Nainan ; ground le.vel in the Kaorapukur basin is niostly between 
+ (>’00 and + 7*00 ; it is a little higher towards Surjiporo ; in the Sangram- 
poro basin it is between + 7*00 and + S’OO ; tin? lowi'st is in the great 
Joynagar swamps to the south of Magra iliit, where it is about -f 5*00 to 
+ 6*00 ; with a flood lovid of + 10*50 almost the whole country is 
8ubnierg(?d, and, when drainage is commenced, the water will find its way 
across country and needs no channels except a main outfall. 

1 will first give you the original rough calculations and then describe 
how tlioy were ev(?ntually modified- 

The site chosen for the sluice was really the only one available ; it was 
chosen close to the Post Office, as the ground was open betwiion this spot 
and tho crook, so tliat only paddy fields had to be acquired for the new 
channel from the creek to the sluice (Fig. V 1). At first this now cut was 
to have been ^ths of a mile long and a fall of ()'20 per 1,000, or 1 foot a mile 
was allowed in it ; water level at tho sluice is fixed at + 3*00, and at the upper 
end of the channel near the creek becomes + 3*66 ; up to Ilindal the creek was 
wide and deep and a fall of 0*05 per 1 ,000 or 3 inches a mile only was allow- 
ed, making water level at Hindal .5 miles up the crook + 4 98 ; from Ilindal 
to Usti is 3f miles, and this was graded at 0*10 per 1,000, _ or 6 inches a 
mile, water level at Usti becoming + 6*96 ; from Usti to Nainan is 6^ miles, 
and a fall of 0*10 ])er 1,000 was given, inking water level at Nainan 10*39, 
or practically high flood level (Fig. VII). 






Sketch Longi Section the Magra Hat 
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Now it was assumed that whou the tide rose, the inner water would 
pond up from + 3‘00 to + 7*00 before the sluice closed, and to be on the safe 
side it was also assumed that discharge would commence at the same level. 
While the tide is below the crest of the breast-wall, which is reduced level 
0*00, the dischai'gc will be free, and as it rises from O’OO to + 7'0() it will 
become ‘‘choked”; in the meantime the inin'r level will rise from 
+ 3’00 to + 7‘00 ; we have now to find from the tide curve the pei*i«xl 
that the tide level will be below ()‘()0 both for the How and ebb tidts ; 
by scaling this from the tidal curve we obtain 4*1 hours ; likewise the 
time that the discharge is ” choked ” is found by the same*, process to be it'2 
hours. As the tide lasts for 13 hours, the period of total closure is 3*7 hours 

(Fig.VIJl). , 

We have now to aset^rtain the average discharge during submersion ; to 
do this we have to find the different discharges of the; outfall chanmd at 
different levels, that is, for different depths of water .and longitudinal slopes ; 
the bed-width has been taken as 130 feet and tln^ depth of water 10 feet at 
low tide ; with a longitudinal fall of 0*20 per 1,000 the diseliaige of the channel 
will be 5,138 c. ft. second, practically that required ; I shall later on explain to 
you how discharges are c.alcul.atod for the diffei’ent channels ; now Ho(xl level 
at Nainan is 10*50 and at the sluice + 3*00 ; the difference is 7^ b'l't fall ; the 
length of the chanmd from the sluice to Nainan is 16 miles ; the av*>rage ball 

per mile is then j’- = *47 feet ; as tiu' ch.annel ponds up the longitinliiial 


slope will decrease and eventually lujcome. ” /«7 ” at the sliiitje wlitm the level 
of + 7*00 is reached ; at the same time the depth of watte- in tin* channel 
will increase : we then have the following data from wldch the discharges are 
calcuhated : “ x ” in the table below is the depth of w.ater passing over the 
bn'ast-wall at any particular time ; the deptli of water in the channel ne.ar the 
sluice will increast? from 10 to 14 feet and ovtn- tlu! br«'ast-vvall from 3 to 7 feet 
(Kig. (X). 

The level of + 7*00 will lat 8*53 miles from the sluice. If you work out 
the slopes you will find they will Ixt as shown in the table for difitM-ent depths 
of wat(M- — 


Depth ... ... = Ft. 

10 

X ... ... = Ft. 

3 

Slojie in diversion 


channel per 1,000 ... 

0-20 

Bed-width ... = Ft. 

130 

Area = A ... = 

1,4(K> 

Wetted perimeter = P = 

158*28 

Hydraulic mean 


depth = k = A ... = 

8-8451 

S ... ... = 

•20 

N = -025 ; 0 = (fron. 


Jackson’s Table 11) 

•87262 

Q=1(X)CAVHS ... = 

5,138 


11 

12 

13 

14 

I 

5 

6 

7 

0-15 

tflO 

0-05 

0-00 

IIM) 

130 

130 

130 

1,551 

1,704 

1,8.59 

2,016 

161-11 

163-91 

166-76 

l()9-59 


9-6270 

10-3940 

11-1480 

11*8880 

•15 

•10 

*05 

•CK) 

•89322 

5,264 

0-92247 

5,068 

0*98266 

4,313 

• •• 

0 


whore N = the co-efficient of rugosity, taken as 0*025 for channels in fair 
order. The curve of discharges is as shown in Fig. X. 



LECTURE No. IV. 


Wo have now obtaiiiod tlio (lischarjBfos of tho chaiinol for difloront depths 
and slopes, and tlie discharges over the bn^ast-wall must be equal to these ; 
more water cannot be discharged by tho breast-wall than is brought by the 
channel and nice verah ; they must be tho same in both cases. 

We next have to ascertain at what tinu^s wo shall obtain tho above 
discharges, and wo can then plot out a discharge curve and find the mean 
dis(!harge <luring submersion. 

The formula for a drowned weir is that givtm by Mr. G. C. Maconchy 
on i)age IJ. of his printed lectures, formula No, 11 , viz. ; — 

\\ 

Q=FCv/2g 1) X " 

wher(5 F is the unknown quantitj’. 

c\/ 2g = o ; and b = the length of the weir (taken . actually as 296"61 feet). 

The values of Fare calculated from tin? above formula ; thus, taking 
tho second case in th(i table abov(<, — 


Q = 5,21)1 c. ft. second, 
b = 1 feet 


Ci/2g = 

X = 4' 




Then F ^ X 2!)G-^(>1 x S 


= -llfill. 


From the table for F. i)ag(' 14 of the same lecture's, we 


look H]) the value 


t)C •' y being tins height to which the tidt' has ris('n abovi! tin* crest of the 

X ’ ■ 

breast-wall, since drowning began, and is proportional to tho time, since tho 
tidal ourve at this point is for all practical piirj)oses a straight line. From 


tho table wi> find that for F 


'441)11, '' = '7020, 

X 


using proportional parts ; 


whence y = '71520 x 4 feet = .'i'05 since “ x ” = 4 foot. 

That is to say, when the tide has ris»m ;V05 feet above tho crest of the 
breast-wall the discharge is 5,2151 c. ft. per second both in tho diversion 
channel and f)ver the breast-wall. ’ 

Similar calculations have to be made for other valui'S of q and x and tho 
results will be as follows : — 


X = 

3 ft. 

4 ft. 

n = 

5,138 

5,21)4 

F = 

•(»(;i;()7 

•441511 

X 

O'OO 

•7620 

y = 

O-DO 

3()5 


5 ft. 

6 ft. 

7 It. 

5,068 

4,313 

0-lH) 

.30733 

•19896 

0-00 

•8986 

•9570 

i-oo 

4-49 

5-74 

7-00 


You will notice that when x = .S feet and the breast-wall is discharging 
freely F = '66667 or frds. If we place this value in tho formula for the 

a'j . . 

discharge, viz,, Q = F cv/ 2 g b x we get Q = J 3 * b x which is tho 
ordinary formula for a freoly distdiarging weir. 

Tf wo sot off tho values of “ y ” as abscissae and those of “ q " as ordinates, 
we shall obtain the discharge curve ; this is tho one before you (Fig. XI) ; the 
area of tho curve is ol)tained by scaling the ordinates to obtain the mean 
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between each value o£ “ q ” and multiplying this by the value of “ y the 
result is as follows : — 

3 05 X 5,245 = 15,997 
1-44 x 5,210= 7,502 
1-25 x 4,730= 5,5)12 

0- 26 X 4,160 = 1,082 

1- 00 X 2,8.50 = 2,8.50 

Total 7-00 X 4,753 = 3.‘l,3 13 


By dividing 33,343 by 7*00 we get the value of the moan ordinate as 

4,753 c. ft. per second, that is to say, the disehargo of the sluice and clianin;! 
will average 4.753 c. ft. per second during the time, the discharge is a.ub- 
mergod betwecm tide 1(!V«*1 h ()*00 to + 7*00. The discharge wjum free was 
5,138 c. ft. per second, and the discharge dui-ing submersion is equal to full 
discharge for si •»« of 5*2 hours = *5)27 ol 5*2 = 4*82 hours. 

The period of frc-e discharge was found to be 4*1 hours, so tJiat the total 
period of full discharg(i is 1*82 + 4*1 = «*5)2 hours per tide = it, of 8*5)2 = 
15*7 hours per day, assuming that the two tides have a peri(Ki of 13 hours 

each. As we. liave assununl that the water will not pond up in the inner 

channel during the time when the sluice is closed, we may call the above 
16 hours ; we must then provide for a discharge of 50 p»*r cent, mon^ than 

would be ro<piired it the rivm- was a iion-tidal oin*, and this is what we 

generally find to be tin* (tasc? in pr,-ictice on the llooghly sluices. The dis- 
charge required in the case of anon-tidal river and for a “run ofl‘” of |th inch 
in 24 hours is — 

215 X J of 26*9 = 4,337 c. f(. second. 

VV^o must now then'fore provide for 1,337 x = 6,506 c. ft. stictmd. 
As stated b(*fore, a mistake was found in the calculations, witlj thr* result 
that the discharge actually allowed for was only 5.115 c. ft. per second, 
which gives a run oil’ of 0*6 inch in 24 hours, in place of 0*75 inch ; but as 1. 
have sahl, it is seldom that the country is compU'tely submergiMl as it was 
in 15)00, and we have taken the worst case, wln*i-(*;is tin* calcidations .ar(> 
usually base<l on an averagi* IIockI level, when the higher lands are .-ibove 
water, or do not recpiirt' drainage. Actually, sinct* the sluice has been iii 
operation, wt* have found by ol)servatiou that with H(Kj« 1 level at + !)*00, ami 
all three sluic(?s op(?u, the '‘ruiioH’” was at the rate of 0*5)6 inch per day, 
which is really more than expe<-te<l, the reason for which I will (explain 
later. 

D6Si^n of ChannolS. — I will adhent to the origin, il calculations and 
will turn to those for the cliannels ; tin* first thing to do is to ascertain the 
ar(?a drained by each ; for this purpose, tin; whole basin was divided up 
into se]>ai-atu smaller basins, each of which hail its own drainage channels 
loading to the main outfall, which was the eroek. 'I'he areas of these 
basins were dotermiiiod from local enquiry, ami also from the levels 
of the ground. Having obtained tin* areas, the discharges for eacii basin 
were worko<l out. first for a coiitiiiuous discharge and th(;ii allowing for the 
effect of tin.' tides. 'I’he first is ol.'tained from the formula : — 

q = A X r X 26*5) 

where A=the area of the basin in square miles, r=the‘‘run off” = i[th inch in 
24 hours, and 26*5)=tho discharge in e, ft. per second, reipiin'd to drain off 
1 inch in 24 houi-s from I square mih; ; we have, assumed that tin* sluice 
ceases Jisehargiiig when the tide is above + 7*00, and wo also assume that 
below the point where water level is + 7*00 in the chaniieLs, the discharge 
will also cease, so that the discharge for these channels has to ho increased 
by ,50 per cent.; this is not really correct ; what will happen is that, as the 
level at the sluice griuliially rises, tlie channel level will also gradually rise 
and the slope become less and less, but the water will continue to flow 
down ; while ponding is going on there will always he a current towards the 
sluice, until the channels are filled up to the level of the flood. 
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The point at which the water level will ho + 7’00 is at Uati, l)J miles 
away from the Bliiice, as wo have, found by grading, that water level at this 
place is + ()'U6 ; we have therefon.i to allow for full tidal action below Usti ; 
in the Usti-Naiiian and Nazra khal outfalls, partial tidal action was allowed 
for, as the watt>r will be to some extent l)ac!ked up and the curnuit retarded. 

T.-iking tln» creek, we find tliat at Jlindal 14 scpiare miles drain into it, 
and about a mile below Usti the Dassanni khal enters, draining 10 square 
miles ; the discharge required for the Hindall)as in is f « x 14 x O'O x 26*9=339 
c. ft. ix*r second and for the Dassanni basin fjj x U) x 0*6x26*9=241 c. ft. 
per second. The llindal basin is already supplied with a channel, and no 
new works are reciuired. The Dassanni is drained by a khal which was 
silted up and had to be excavate<l. 'riie discharges of the creek now be- 
come : — 

fc'rom the sluice to Biiidal ... ... = />,115 c. ft. per second. 

From Bindal to Dassanni khal- 

.5, 1 In - .3.39... ... ... = 4,776 ditto. 

From Dassanni khal to Usti — 

4,776-241... ... ... = 4, .53.0 ditto. 

At Usti the Usti-Naimin, Xazra khal and Hriclmndra khal .all enter. 
The .areas of the basins .an' 113. .50 and 28 square miles, respectively, and in 
the former two an incn'asi' of about 20 and 10 per cent, was allowed in the 
discharge to allow for partial tidal action ; in the Srichandra khal no inci'ease 
was allowi'd as the levi'l of the basin was comparativt'ly high ; tin? discharges 
were — 


Usti-Nainan 2,688 c. ft. per second. 

Nazra khal 1,190 ditto. 

►Srichandra khal 56.5 <litto. 

The only other channc'l of any size is tin* Sangrainpore khal, which is a 
continuation of tin? Nazra khal ; it drains tin? same an*a, viz., .50 squan.' miles. 
It w'as considered th.at this channel would not be atfected by tidal action, and 
a continuous discharge was therefore allow('<l. 

The discharge required is tln'ii — 

.50 X f X 26*9 = 1,008 c,. ft. per second. 

A “ run elf” of |th inch in 24 hours has to be taken in this case, as the 
mistake in the sluice calculations d(H?s not affect this channel. 

1 will now show you how the dimensions of the channels are .arrived at : 
if 1 takt' two cases it will be sutKcient, as they are all calculatt'd in the s.amo 
way. I will take that of the Diversion channel. The discharge to be pro- 
vided for is .5,11.5 c. ft. per second .and the longitudinal fall is 0*20 per 1,000. 
We can find the section n?quired from .Jackson’s ('!anal and Culvert tables. 
As the channels will be maintained in good average order, wo take Tabh' X 
where N = *025, which is for canals in earth in aver.age go(xl order, with 
side slopes one to one' ; wc' have first to choose a suitable depth of Avater ; 
this wo have taken as 10 feet. From the tables we find the following results 
with the above data — 

A channel with 120 feet Iwd-width gives 
a discharge of ... .. 4,746 c. ft. per second. 

And one of 140 feet iHHl-width .. 5,533 ditto. 

The mean is ... ... .. = 5,140 c. ft. per 

^ second. 


which is very close to what is wanted. 

A ciiannc'l with '-‘♦.o ~ ^30 foot bod- width will therefore bo suitable. 
Then lei us take the cas<' of the Nazra khal : the discharge requived is 
1,190 c. ft. Hi'cond, and the depth of wat('r has again boon taken as 10 feet ; 
the longitudinal slope is 0*05 per 1,000. Tf we look up the tables we shall 
find the discharges for 10 feet depths of w.ater have not boon worked out, and 



we must do so ourselves ; \V(s Hiid from thi' tables tliat for 1> feet depth 
tlio dischargees are as folh)ws : — 

For *»() foot l)ed-\vidlh SSi e. I'l. per seeoiul. 

(il) ditto. 

As the depth is 10 feet, we shall probably find the correct lu*il-width 
between these two. Let us try feet bed-width. 

Then the area of the watt*rway will Ik' — 

A = <55 X 10 = ().50 s. ft. 

The wetted perimeter is 1* = 55 + 2 x 14 = H.‘> hn't. and the hydraulic 
mean d(‘pth is — 

i> — ^ <;.'»•» — I I 

11 — I* —— “s .*l ^ l»)l. * 

^rurniiii*; t<)'ral)lo l[ of Jackson’s talJc*-!, \vt» liavi' tlu^ valin'soF (I ior 

corn^spondiiij^ values oF li and S ; tin* longitudinal slope* is O’Oo p(»r I, ()()(), 
and using proportional parts (1 is found to Im* ‘DOSU. 'riion, using tlio fonnula I 
used in calculating tin* disiJiargcs of tin* Div^ersion cliannol when working 
out the sluici' calculations, which is — 

g = 100 C X Av/K S 

\\ hcrC^ S I (I IMI 1 IMMMI n 

tln*n g= 100 X -OOSO x Ono/r’SlJI X 
= 1,1(58 c. ft. ])(*r sccoinl. 

The discharge requin'd is 1,1!M) c. ft. pt*r second and t in* above* n‘suh is 
<iuit(' close t*nough. With tin* Indi) of Jackson’s tahltLS you will In* al»h‘ now 
to work out the sizes of tin* remaining chanin*ls ; it is most imi)ortant for an 
irrigation cngini'cr to hi'conn* accjuaintod with those tal>h*s, as they save an 
cinaanous amount of work. 

\V(* have* foiiinl tin* sizt^s of tin* main tlrainagc* cJiannols ; wo know tin* 
longitudinal fall in oach, ainl tin* water h'vols at head and tail, and from 
thi*so w(* can lind tin* l)(*d h*vols hy deducting tin* di*pth of water from the 
water h‘V(*l. ’flius in tin* I)iv(»rsion channel low wati*r lev(»l at the sluice^ is 
+ J’OO ; tin* dcf)th of water is 10 feet, so that tin* l)i*d hua*l is 1())= - 7*00. 

At the lu’ad of this chanin*l. watt*!- h*V(*l is + J'l5(5. and tin* th*))i h of 
wa1(M*as helon*, and l ln^ hod level l)econM*s ( J’(5f5 — 10*00j= — (5*.*) I, ami so <»n 
for ( In* rt*sl . 



LECTURE No. V 


Alterations in the Sluice Plans.— \Vb Imvo now obtaiiunl th(? necessary 
bed b'vels of all the channels ; the next thing to do is to work out the 
quantities of earthwork in (‘ach ; you will know the ground levels from your 
surveys and st>ctions, and can obtain tlu' depths of cutting at different 
chainages from which th(' quantity of earth can be? obtained for each channel. 
You have also to ascertain the width of land re<juir(*d for tin* channels and 
spoil banks ; before going into this subject 1 will first describe to you the 
alt(‘rations which had to be njadc in tin* jdans ; the low tide lov(*l at Diamond 
Harbour was taken as being — o'OO in the rains ; and in onler to prevent an 
excessive velocity in the <iuter chanin'l between the sluice and the riv«;r, the 
upstream floor of the sluic«' was i)lace<l at - T'af). The thickiu'ss of the floor 
was made feet, making finindation level - 12‘00. Kxeavation was 
c<»mnienc('d, but at reduced Jev(*l — lO'OO it was found that the character of 
the soil changed from him* clay to a fine running sand full of water, and it 
was found im])ossiliIe to excavatt* down to the required h‘V(*l, because as fast 
as the sand was removed it lilh*d in again, and it became evi(h*nt that very 
costly foundations would have to be jmt in if this level W'as to la* adhered 
to. 

1 may say that it is always best, to ptit down some borings at tin* site 
chos»m for the sluice, as a (juick sand underlies tin* clay all over the lower 
portions of the Delta, and, if tin* h*vel of it is high, plans have to be altered. 

Pooling. — It was tli(>r('r()n» <lc(ntl(Ml to rais<» tlu^ lloor to — H’oO, /.e., 

l)y 1 fca't, ainl in orthn* to ])r('V(*nt iiiH’ivon sottlinmnit, tho walls \voy^^ jirovidt-xl 
with woU roinulations ; at the saiiu' time? tho crost of tlu' hroast-wall was 
raised to + ToO. Tln^ low tido. h'vc'l durin.fi: tin* rains was found to ho - .‘VoO 
instead of - 5*00. and at tho sann* levt.*l as. tin* uppor lloor. In dosi.sjcning 
sluic(^s of this tyj)o vory ijnvit (;an* has to ho (»x('r(U*sod in pn'Vi'uting what 
is toriiKMl pooliiujf ” Ijolow. If tho wati^r issuos fnau tlm vonts with a liigh 
v'elocity, and th(*r(* is a lari?!* fall In'twoou tho sluica* and tln.^ river, tin* cliannol 
b('d will l)(» s(?our(*d f>ut d(»o]) ; and this is i'sp(*oially so, wlnui tin* soil is 
coiiiiioslmI of liin^ siind, I'ho ])ropor way to jinnauit ])oolin.f^ is to ljuild tho 
shiioc^ lloor at a h*V(d which will uivi' a small vi'lom’ty in tho outer cliannol, 
say, not lii.ulim’ than :i foot a second. In tho jirosmit casi^ wo have found that 
this is not possilih*. and so wi» havt' to provide^ otlu*r moans for protc'ctino; the 
sliiieo from daina'^'t* liy tho ** pot-holo” cuittin^ Ixn'k and undorminin^j: it. 

Limitation of the Veiocity through the Siuice.~L(*t us look at tin* 

coinlilifajs wi^ havi* to tako intoacn-oiint : tin' orost of tin* hroast-wall has hooii 
mis(*d to -f 1*50, and, assnininu' tho sann' doplli of water ov(*r it as Ixjfore, 
wati*r lov(*l lu'cionios + ‘I'oO : low tide level is — o’50. Wo liavo then a fall 
from tin' hrtxist-wall to tin' riv(*r of (•l’50 4* *-i*5()) = <S foot in a h'ligtli of about 
l,()(H)feot. Tho dischariTci to bo ])rovidod for is 5,1 15 o. ft. second, and, as the 
floor of till' sluice was raised, an extra six vents were '^ivon to the sluice, 
niakiii.if SO in all. This was iloiie in order to provi'iit the choking of the 
discharge of the l)ri'ast-wall as much as ])oHsihh*. In tln» original calculatioiiK 
tho number ol vi'iits ri'quirod was calculated oii the assumption that the area 
should be lupial to tin* area of the waterway over the hreast-wall. The 
latter was SOO fei't x ^ l\*et = 5)00 sipiaro feet ; tlu5 vonts are gc?iierally made 
8 feet X 5 feet = 40 squari' feet each ; so that the numlx'.r required is 

= 22^ which was ealled 24. 

This is a very rough-and-ready luethoil and contains a fallacy. Siippoaing 
tin*, tops of the vents are ahovi* wat(*r level in tln^ inner channel at low tide, 
then they will run only j)artially full, and the vidocity tlirougli them may 
heconn* very high, ami if tlie sluice floor is high, as in the present case, 
there is nothing to break this velocity on the downstream side, and pot-holing 
is certain to occur. 

The prupiu- way to make the calculation Is to commence from the river 
itself and to calculate tin' I(*vel of the water at different points, working 
upstream, as I will now exjdain. Working back from the river wo have 
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waslHul out 
inulcrtakt'ii 
iiuportant. ii 

witliin sail' 


low tido at — 3“50 ; allowing 6 incrln^K fall in tho outrr cliamn*!. wain- lovnl 
hecomes — 3‘0() ludow the vents. 

In the floor below the vents a drop of G incht^s is gmnn-ally allowiul 
£(»r the swing shatters to work frecdy ; this makes the levtd of this floor — I'OO, 
so that there would only be 1 foot depth of watm* passing ovtn- it at low tide 
which would mean a viflocity of 20^ fei^t a s(m.*. Tlien^ is nothing to bn*ak 
this on the downi^treani si(I(‘ ; the ri‘sult would bi.^ that a large lioh» would 
s( 5 our out in tin' channel below and the sliiioc' would gradually fall pi(!ct» by 
pit'ci' into it as it was undermined : several sluices have* Ihm'u 
in this way, and in some others t'xptmsivc' works hav(^ liad to Ix' 
to ])r('Viuit the sann^ fate' befalling them ; this shows how vtu-y 
is to placi' the. floor at as low a level as ])ossil)h' ; the level is 
entirely by the' velocity iu tht» out(‘r channel which vuust be ke])l 
limits to jm'Vi'ut pot-lioling taking plac<‘. 

Protection by Curtain Waiis. — If sufli(;ient ])rotection can Im^ givmi iu tiu' 
shape of strong drop or curtain walls on tin* downstream side, an allow- 
ance' may be made for souu‘ scour in tin' outer channel, and tliis has to 
done in (aises lik*' the ))n‘sent, when* tin' naturt^ of tlie foundations previ'uted 
a h»wer U'vel being at taint'd. 

To prevent dainagi' being doin', twri precautions wert' takiui : the lirst 
was to build dec^p curtain walls on tin* downsl.rt'ain side, r'omposc'd of wells S 
fei't sipiart' ; two liiK'S of these' wi'rc' sunk right aiiross tin' sluice at tin* ends 
of th(' two lower floors; tin* eh'j^th of tlii'se* wells allowi'il for some pot- 
holing to take' ])lac.(', whiefli a(^tually eiejcurriMl elire*ctly the sluice' was 
opi'inul ; lull the' we'lls Weu-e^ te)o dcM'p te) i)e 11 ndt'rmiue'el. The' Se'cxuid 
]>n'caut.ion was te^ limit t.he» ve'loeutv efl* the water e)ve‘r the* flex)rs ; the^ 
ieiwe*st floor was built at re'duce'd le»ved — tJ’OO, anel the're' was a risf' e)f 

2 f('i*t be'twe'e'U it ainl the^ enie* abewe' ; with le)W tieh^ leve*! at the 

sluice' of - 3‘0() the're* is always a ele'jfl.h e)f 3 (Vet e)f wate'r eiv(?r tln^ 
lowe*st lle)or ; the' wielth is 2u() IVe't anel the* ve'locitv be'erenne'S = G‘H 

ri‘(‘t a sctioiid, wliicli is qiiit.c safe ovrr masonry. In f.lu- eliamml itsclT, to 
r(‘(lii(‘o V(*lo(jitv to 2 rcM't a K(>«,*on«l tin* (loptli of watc'r will lir* = 

* ^ ^ ' 2*>ei :s 2 

10'l’o IV(‘t, say Klf foot, niakiiiff liod lovi-l at - (.‘{‘00 4- 10':.*.')) = - i;{‘2r>. 
d ho lower drop wall was made* lU foot di‘i‘p, and tlnn-o is I'oc't of 

inaHonry ahovo it ooni])osinjr tlio lloor ; so tliat tlio l)ottoin of tin* wall in 

— O»'0{) 4- 1 1 4- 1^' = — I!(‘00, or tj'Tf) foot Ik'Iow tin* liottom of (,ln* sooiir. 

v;. 

Protection by Cushion Walls • — Now with roffard to tin* U|)por down- 

slroam lloor — wo found that tin* vchwiity ovor this was 20j loot jior sooond. 
which is nioro than advisalilo t.*von ov(*r masonry. 'I’o rodiici* tliis tin* only 
tiling to <lo is to inoroaso tin* ilojith of water on the lloor; this Is done hy 
liiilliliiifr a cushion wall at tin* downstream t*iid of tin* lloor. In tin* prcsi'iit 
cast* the ln*i^,dit of this wall was madi* 2^ foot ; tin* Ji*n^?th of it is I'nO feet, 
and it will ho ioiiinl that tin* do])th t)f wati*r ovor tin* cri'st ri*qiiiri'd to givtt 
a ilischargo of o.llo cubic Icct pt'r st*coinl is ;{‘,‘{'.) f(*t*l.. Siiici — 

Q — T ^ ^.'lO X .‘{‘.‘{p y/ = n.iOO cubit.* ft!t*t a second. 

\Vat.(*r lovi*l at the ert'st t)f tin* oiishion wall then l)i*conit's 4- I'S!) ; tliti 
doptli tif water in tin* vents will now ht*comi* {H'oO 4- I'SP) = o‘.SP ft*i*t, 
while tivtM- the Hour ht*low the V(*hHuty will hi* ri*tluood from 20^ to ft*ot 

a second, a very dilloront inattm'. » 

To jiass till* rtxpiiroil dischargi* tliroiigli tin* vents a lit'atl of \‘12 feet 
is iviiuired. Sinct* — 


Q — •* ^ '■111 X 5'8P X h y/ 1*72 = r),l()4 c.nhic feid. st?cont]. 

This makt's water level above the sluice (rSP 4- r72) = 4- 3‘fil. 

Ihe crest of the hr(*aKt-wall is 4- I'.oO, so that at low title the tiischargi? 

is^ suhmergod ; with a head of 1*33 ft'et wi> shall find that the requireil 

discharge is passed. Since — 

Q = X 300 feet x r33 y/ p)};) 4- (5 x .300 x i»‘ll ^ 1-.33) = 5,l70 

cubic feet pm* second, the breast-wall b(*ing .300 ft*et long. 

t inally, the water lev(*l above the breast-wall will now beconu* (3‘6I 4- 
1‘33) = 4- 4'P4 (Fig. V). In other words, tin* (*lfeet of building a cushion 
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wall l)elow thy vonts is to choky the woii* and raise tlic tail water level of 
the (diannel from + foO to + 4‘5)4 or ii inches. The tail water level under 
the original calculations was + JJ’OO, so that this has h(?en raised hy practi- 
cally 2 feet hy raising the HcKir of the sluice ; w<' shall cons(*q«umtly have 
less fall in the approach channels, which must h(> inadt; wider than before. 

liefore 1 tell you what si/es were chosen, I wish to say a lew more words 
about the sluice dt*sign. 

Protection against Storm Waves The higlu^st tide level at Diamond 

Harbour is + J and under ordinary conditions tin; embankment over tlu) 
sluice could have been placetl 3 feet higher at -t- lS’2o ; but the river is subject 
to storm wavi^s : tbesti waves are g«‘norat(!«l during severe eyedones. IJrieHy 
speaking they are formed as follows : out at s«*a wln?re the storm rages, the 
baronu'tt.M’ is lowest at tin' centre of the storm, getting high<*r and higher tin' 
further eiie is away from the centre ; the dilhirenc(' in atmospheric pressun' 
causes an upheaval of the (jceaii surfaci', which may amount to about 2 feet 
at tin' centn' of the storm. In addition to this tin; wind blows in from all 
quarters to the C(?ntre. causing a further heaping uj) of the water into the shape 
of an invertt'd bowl ; as the storm centre approacIu'S the land it meets with 
the shallows near the coast ; tin* advanci* of the wave is impeded and further 
heaping np occurs ; as the storin crosses tin* coast and passes inland the 
wave rushes up and tills any rivers and cr(>(?ks imnn'diately in its course*, and 
so forms a wave' in tin* river in adelition to that createel l>y tin* tide*. If the 
time of high wati*r and the advent of tin' wave* coincieh', a maximum wave* will 
be cre'ateel in the rive*r, which may elo extraordinary damage*. If tln:»y elo not 
coineeiele* the e*ll'e>ct will be* le*ss. 

In the* northern hemisphe*re' the* storm wave* always occurs on the* <*ast of 
the) ce'iitre* of tiie* storm, and in*ver on the* we*st. If tln*ri*fon* ii cyclone* travels 
to the* mouth of the Iloogidy and the ce*ntre* jiasse's U)ithe' wi*st('rn leank, a 
wave' will occur in the* rive'i*. If it passi's up the* e'ast(*rn l»ank net wave will 


occur. 

The* largest storm wave* re*ce)rele*<l in tin* 
re)se! tei 2.‘» le*e*t .alntvt; me*an se*a le*ve*l, or 7 


lloeighly was that of I^ib-l. which 
fe'ct t) ine!ln*s above* tin* maximnm 


tide h've*! ; as the' top e)f the* e*?nbankme*nt was Ih'OO a large* vejlnme* eef wale*r 
spille*el ove*r the te)p. idle* e*mbankme*nt was bre*ache*el in many place*s. a))el gre*at 
le)ss e»f life* ,nnl property e)ccurre*el. Preivisiem hael tin*re*fe)re* te) be* jnaele* at the* 
sluice) te» pre*ve*nt e)ve*rte)i)ping eiiiriing such wave*s. anel the* cre*st eef the* 
embankme*nt was neaeb* +24'()(). 


Protection from blowing through. — .Aneetln r ])e)int which has te) be< 

take*n inte) aeicount is the* h'ligth eif the* Hoejrs e»f the* sluice* ; if maele* teeei simrt, 
there) Is always tin* liability eef the* wate*r fineling its way unele)rtn*ath aiiel 
bleewing up the' sluice* e*spe*cially whe*re' the fe'unelatiems ;ire' eef sjinel ; supposing 
the inne*r e!hanne)l was empty anel a steu’in wave* occurre*el, rising te» +23'('>() ; 
as we*, have* se*e*n the* be*el eef the* inne*r channe*! is eit — <V()0. se) that the) 
he'ad :igainst the* sluice' woulel be* 2!) fe'e*t. the* wate*r with such .a he'ael will try te) 
cre,*e>p along the* uinlersiele* of the* feeuinl.atieuis, anel whe*n it starts e)Ozing e)Ut at 
the* iq)stre*am siele* it will graelually ceenve'y sanel with it ; a small channe*! 
will thus be* fenane^el whie*h with such a he*aef will very rapielly ge)t larger anel 
large*!* ; the large*!* it ge*ts the faste*r wdll it incre'ase*, until the: sluice becenne'S 
so he)lle)w une|e*rne*ath that it will crack anel graelually break up and burst. 

I will show ye)U how te) make the* n(*ce*ssary calculations for the sluice 
as e'ventually built, a sectie)n e)f which is be)re)re5 you (Fig. V). The idea is 
to " kill ” the' heael griulually by giving sniliciemt we'ight to the structure), 
which will com])ress the* sanel nnde*rne*nth anel by se) eloing incre*a8e the 
friction ; the* fe)rce*s te'iieling te) elamage*. the' 8luie;e are: the tendency fe)r the 
wate'i* to cree*p through the' sand uneler the) floor and the upwarel j.re'saure 
te'neling to lift the* (bieer, e)r the hyelrostatic pressure*. 

VW have* <e) take the* wf)rst case* ; the maximum he'ad to be killed is 29 


feet. 


The lormula useel is : H= w'lie're: H is tlm hoJid to be killed. 


A = the cross sectif'ual area e)f the material tisoel te) comv)re)Ss the sand, 
f.e?., the brickwork, concre*te or any e)ther material used. 

P the spe.'cific gravity of the material, watesr being taken as 1*00. 

(J = a ceveHicient elepending on the coarseness e)f the sanll. 
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fn coarse Rands such as' found in the Sone and upper roaches of the 
Damooda, Cossye, etc., in Bengal the co-eHicient is found by ox|)eripnce to be 
75 ; for the inicacious sands of the Jamna, Ganges and Indus it is 100. For 
the Nile, which is worse than the latter, it is 12.'> ; for the Diamond Harbour 
sluice it was taken as 100, as the sand, though V(>r^’ line and easily moved by 
water, was very conjpact. 

Effect of Sheet Piling and Wells . — Now if there were no dro]) walls 
the weight available for killing the head wtaild 1x5 that contain(5d in the 
floors and superstructure of the sluice ; the lower floors would of course be 
submerged and the effective weight will be 5-educed. The specific gj-avity 
of brick masonry and concrete in air is I '8, and when subiuergetl (I’8— I'OO) 
=: "8 ; the specific gi’avity of sand in air is r.5 and submerged = (r.5 — 1 ‘00) 
= 0*5. The effect of the drop walls is to force the, water downwai'ds and 
under thenn, and an allowance has to bo made for the ('ffi5ct of this in killing 
the head ; if a line of slx'et piling is drivtm down the (5ffi>ct »vill 1x5 etpiivalent 
to increasing tlH5 weight of tlie floor, by the weight of the sand contaim'ci in 
a triangle with one apex at tlx5 bottom of tlu' piling, .and with two sides 
slanting up at 45“ to the floor cr channel 1x5(1 (Fig. Xlln). 

The weight of sand contained Ix'tween tlu' two dotted lines A li and 
B K is that taken in the calculation. 

If wo also provide a sescond line of piling, say. 8 f(5et back from the 
first, the weight to be taken will be that enchisixl between tJje outsid(5 
dotted lines. A, 1>, C, D. If now in place of the two lines of piling a vv(5ll is 
sunk 8 font wide, the eftoct will be the sai[ii5 (Fig. XII/>). Th(5 t5xtra weight 
of the masonry in tlx* well cannot be taken into account, as the well itself is 
partially supporte’d by skin friction and its full vv<‘i'jcht does not therefore 
0011X5 into ))lay ; it must be consxhn’ed as so much snbmiM-g(‘d sand. 

Calculation for preventing blowing up.— Now h>t ns api)ly these prin- 
ciph‘s to the sluice, d’he water will try to e-omnumce creeping under the 

sluice I'nim the (lownstream (Mid of tlx* floor, so we must eomnxMxa* our 

calculations from that (MuI ; the head to be kilhxl is 2!> feet; tlx* hnanula is 

II -= '\I’ ; as the wati'r will li(5 over tlx* whole of tlxi downstn'am floors, 

there w'ill be no f(5ndency for tlx* sluice to blow up anywhere on tlx'sc* floors ; 
.a critical point is inside the vaults which are empty at A (Fig. V), so we will 
first make our calculations for this point. First w(> have to calculatt' AP. — 

liOwest floor ma.sojivy siibincrged ... .'{8^x5 x ’H — !)2’4 

Next floor masonry ... ... .58^ X X '8 = lt55'8 

Lower downstream drop w’all. laleral 
influence of sand submerged ... i x I.’l* X ’.5= 42'2 
Well considered as sand submerged 10 x 8 x '.a = fO’O 
Laleral infhienee. of sand npsljvaiu 

, side of well, siibinergcxl ... x 10* X '5 = 2.V0 

Sf'coml irt'll. 

Tjateral influence of .sand snbnxM'ged 
downstream... ... ... ix 8Px‘.5= 18‘1 

Well eonsidered a.s sand submerg5Ml, 
say ... ... ... S> X 8 X *5 = 5(10 

Ijateral inflacixfe of sand submerged 
upstreaxu ... ... ... ixl0*X'.a= 2.V0 

Total ... 442*5 

The effect of the two wells under the vents will be the same as two lines 
of sheet idling .36 feet apart, but boforci the vents can blow up the water will 
have to pass under the first well on the downstr(5am side ; so we must take 
the effect of this one into account ; the value of AP for this well will be : — 

Lateral influence both sides (taken 

as submerged) ... ... 2 X i X 7* x *5 = 24*5 

Well taken as submerged sand ... .12 x 7 x ‘5 4S’0 


Total 


66*5 



The total value of AP then heuoiuea 442’5 + H6'5 = 5()9‘0 ; and the head 
killed hecoiiiea H. = = .V09 feet, 

'I'Jie balance of the head actinff upwards at the bottom of the floor of the 
vents is then (29’0() - 5'()9) = 23‘91 feet, and this is the ha’ce tending to blow 
up the Hoor. The length of the vents is 28 feet, and the wtfight of the body 
from floor level to the. ci’(?st of the ('inbankment is 6y0 cwts.; add to this the 
weight of the floor 28 x 4 x 1 cwt. = 112 cwt. the total weight of the structure 
acting downwards is 742 cwt. As 1 have taken the weight of masonry and 
earth to bei 1 cwt. per c. ft., tho superficial area is also 742 s. ft., and per 
ftK)t run is = 26‘5r) s. ft. 

This is unsubmerged and the value of P = 1*8, and AP = 26’,55 x 1'8 
= 47’7 ; that is to say, the weight of tho superstructure above foundation 
level is sufticiemt to counterbalance an upward water pressure of 47’7 feet, 
whereas the actual pi'cssure has been found to be 28‘9 feet of head at 
this point ; in order that the full weight of the superstnicture shall be 
effective, an invert is generally built in the vents ; otherwise there would 
bo a liability for the water to burst up at the centre of the vents. 

We w'ill now consider the point at tho upstream end of the vents at B. 
Tho efh'ct of till' two wells under tho vents will be, as I ssiid, the same as 
that of tw'o lines of shet.‘t piling 36 feet apart ; AP for those wells is then : — 

Lateral intlncnce of sand submerged 2 X 4 X 7* X *5 = 24*5 

Wells and sand between them submerged 36 x 7 X ‘5 = 126’0 

Total = 160*5 

And AP of the masonry superstructure 
is as found before = 742 X 1*8 ... .. = 1335*6 

Total 1486*6 

whence II = = 14*86 feet of further head killed. 

The balance of the hoail tlion becomes (23*91 - 14*86) = 9*05 feet. 

To counterbalance this there is the thickness of the upper floor which 
is 4 feet, equivalent to 4 x 1*8 = 7*2 feet head. 

The downward pressure is 7*20 foot and the upward acting under tho 
floor is 9*05 feet, and they are thoreforc not counterbalanced and the floor 
would blow up at this point ; but I have not taken into account the weight 
of the water acting on the downstream floor, which also helps to compress the 
sand bolow the floor. Taking this into account, the result will bo — 

AP = (38i X 29) + (58i X 27) X 1 = 2,696 

and H = ~= 26*96 feet. 

lUU 

The total head to bo destroyed is 29 feet and, after taking into account 
the weight of water on tho floors plus the weight of submerged masonry, the 
upward pressure at the downstream end of the vents at point A becomes 
{29*()() - (26*96 + 5’09)} = - 3*05 feet ; in other words, the whole of the 
head has been kilted. 

Had there boon no downstr(?am floors at all, tho point of application of the 
head would have been at the lower end of the vents ; tho vents would have 
killed only 14*86 feet of head, and we should have had an upward pressure of 
(29*00 - 14*86) = 14*14 feet, to counteract which there is oiJy the thickness 
of tho floor which will balance only 4 x 1*8 = 7*2 feet of head, leaving 6*94 
feet unbalanced and tho floor w'ould blow up at this place. 

You will therefore see that tlu* ol.ect of having long floors is to ensure 
the safety of the sluice. This sluice is particularly strong with regard to 
blowing up, but the protection, as 1 have already said, was given more to 
prevent pot-holing below, on account of which a double line of wells was 
sunk, the upper line forming a second line of defence. ^ ** 

Protection againot overturning. — Another point to be considered is 
the length of tho main Ixxly of the sluice ; this has to be made sufficient to 
prevent it being overturned by the water pressure ; in other words, the 
weight of the supi^rstriieture above the floor has to be enpngh to cause the 
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resultant prossui’e to pass within the mitldle tliird of the has*' ; at tht* same 
time tlie Icnjjth of the vents must he enough to carry the emliaukuieut above, 
the crest of which must be wide enough for a road. 

Suppose the inner channel is empty aiul at tlie same time a maximum 
stonn wave (uauirs, rising to 23 bM>t above mean 8(?a h^vel, th(‘ upper Moor of 
the sluice is at - 3'.o() and the* total liead against it will bt; 2(5^ feet, tlie \vat('r 
pr(*H8Ure will act at a point one third the way up from the bottom = 'I* = S hiet 
10 inches, and the water pressure per running foot is — 

W' = ><-»'' = 196 cwt. 

3 113x2 

The weight of the b(xiy of tiie sluice per f(X)t rui^is 630 cwts., taking the 
weight of earth and masonry Ijoth at 1 cwt. per c. ft. From the above we 
find that the resultant pressure will pass 2*75 feetfrtan the centre of tlie* base, 
which is 28 feet wide, or I foot 11 inches inside the edgti of the middle third, 
so that the structure will be safe un<ler the worst conditions (Fig. V) ; 
as a matter of fact, the b<xly could have been made a few feet shorter, excejjt 
for the i-eason that the cn'st of the embankment had to be made 1) fe(»t wide 
to give sufficient nKnn for a pathway. 

Draw and self-actind shuttnrs. — The only other point r netul touch 
on in connection with thi^ sluice design is the shutters ; all tidal sluices are 
now designed with two sets of shutters, one on the. upstream side called the 
draw shutters, ami the other called the swing or self-acting shutti'rs, on the 
downstream side. 

The draw shutters run in suitable groovi's lined with channel iron or 
small joists ; they are worked from the top of the sluice by moans of a 
capstan and screw spear ; the shutters thomselvi^s are made; of 3-inch t(;uk- 
wooil planks covorml with copper or zinc sheets to prevent tln^ toredo, or boring 
insect damaging them. The spear is attaclied to the top of the shutter liy a 
bolt, and the upper (Uid passes througli tl)e (tapstan head and is screwed ; 
on revolving the cai)8tan one way the shutter is raistMl and the vent is 
o()ened and water passes out to tlie river ; a revcu’sal of the capstan lowers 
the shutter and stops the dischai’g** ; it has b(‘en hnind that with a head of 
several hu't tliese shutt(*rs can be opened by one! man only, if supplied with 
conical brass frictional rollers. 

If the sluice was only supplied with these draw shuttm's. it would have 
to be closed every time tlie tid»* rose* above the inner chanm'I h“V(d or twice 
a day. In order to maki^ it automatic a second set of flap shutters is provided 
at the downstreatn end of the vents ; thest; slintters ar«^ constructed in the 
same way as the dr.aw slmttiM's and they are suspended by a horizontal bar, 
so as to swing in a vertical plants ; generally two S('t8 of horizontal bars 
coifnected with links are used, as much less strain falls on the hinges ; now, 
when the draw shutters are uj), the inner water will discharge to the river 
as long as the tide is below the inner level, pushing op<m the flap shutters ; 
as soon as the tide rises aI)ove this level it will attempt to pass through the 
sluice, but the flap shutters will be pushed back against the mouths of the 
vents and will prevtmt it. The sluitu* will therefore act automatically and 
the draw shutters can be hdt up and need no attention. In order that the 
flap shutters shall cIohj^ the vents lully, and to givt* them sufficient clearance 
below when closed, the flfM)r below the vents is built 6 imflies lower than that 
inside the v(mta ; the vents themselves were 7nade 5 feet wide and 8 hiet high 
and the shiitters about 9 inches long(*r each way, that is to say, ft feet 9 inches 
X 8 feet 9 inches. 



LECTURE No. VI. 


DflSi^n of ChannolS. — I must now turn to the subject of the design of 
the channels. As T have said, the result of raising the sluice floor was to raise 
the tail water level from + 3‘00 to +4'91 ; we have therefore 1‘94 less fall 
in the channels, and they must be made of a larger section. It was found 
before tho revised calculations wore made that with a floul level of 10'50 
in tho 8wanii)s tho whole country was under water and therefore no drainage 
channels were ro<iiiirod in tlio swamps thomselvos for disposing of the top of 
tho flood which found its way across country. 

There was a large swamp on tho Usti-Nainau outfall, only 3 miles from 
Usti, and it was consii^ered that it was unnecessary to grade the channels 
beyond this point ; actually grading vras started at 3^- miles ; a fall of O'lO 
per 1.000 feet = 0'.528 feet, per mile was allowed to Usti, tho resulting water 
level being (10',50 — 3j x 528) = 8'652. The diversion cliannol at Diamond 
Hai’bour was increased from §ths milo in length to a little over 1 mile, to 
make room for the cross dam {it the mouth of the creek, and the longitu- 
dinal fall allowed was O' 1.5 per 1,000 in place of 0*20 per 1,000 previously 
allowed ; this made water level at the head + .5*73. 

lletwoen this point and Usti the balance of the fall available was then 
(8*6.5 - r>'73) = 2'!)2 fe<d. for about 8^ miles of tho creek ; below Hindal the 
creek was wide and dc'op, .'ind needed no oxcjivation, {ind a longitudinal slope 
of 0*0.5 per 1,000 was allowed for this length of "> miles, making water level 
tlu're + 7'0.5. 'I’he balance of fall betvvecm Hindal and Usti for .“Ij miles 
was therefore T60 feet, which gave* a longitudinal slope of O'-tfl fe(*t ])er mile, 
or 0'0!> per 1,000 (Kig. XIII). 

It will b(> unnecessary for me to enter into the calculations for the sizes 
of all the channels r('(]uired, as I havt^ already explaine(l to you how they are 
nmde. 1 will just givt>you those for the iliv'ersion channel. 

The de])tli chosen was 10 fe(?t .'ind the bi-d- width 150 b'ot in place of 1.30 
le('t originally. We find from Jackson’s tables that with a longitudinal slope 
of 0*1.5 per 1,000 tlu' following discharges an' given — 

Channel of MO feet bed-width, discharge = t-.S;)? c. ft. per second. 

Ditto 160 feet ditto = .5..530 ditto. 

Mean 1.50 feet ditto = = 5,184 e. ft. per second 

\ 

which is very close, tin' discharge requir<‘d Ixsing 5.115 o. ft. second. 

Width of land to ho acquired.-- Now with regard to tho width of land 
rinpiired for the clninnel and spoil banks, we have to obtain this from the 
cross sectional area of the channel. In tho case of tin* diversion channel tho 
avera'^fc ground level inside the sluice nras + 10*.50 ; the bed level was — 6*00 
at the sluice, i.e. ( + .5*00- lO'OO), and at the head (5*73-10*00;= -4*27 ; 
the average of these two is — '1'70; the average depth of cutting will then 
be (10*50 + 4*70) = 15*20 feet. ^ ^ 

From the sketch section (Fig. XIV) the area of the earthwork becomes— 

(150 + 2 X 15*2) X 15*2 = 2,742 s. ft., 

and this has to he equally divided on both banks ; that is, = 1,371 s. ft. 
will 1)0 the cross sectional area t»f each spoil bank. It will not bo advisable to 
heap up tho earth too high so as to overweight the banks of the channel, 
which may cause slips to take place. A suitable height for the spoil will be 
12 feet ; taking into account the trapezoidal section we shall find that the 
width of the base of tho spoil bank will be 132 feet, and the top width 96 
feet, since ' ''*<*^-i‘ x 12 feet = 1.368 s. ft., which is very close. Betwetm the 
toe of the spoil bank and the top of the channel a berm will be required ; 
this is geiicially made 20 feet wide ; and again at the outer toe of the spoil 
another berm of 10 feet is wanted to prevent the now earth being washed 
outside the boundary during the rains. 
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The total width of land thm bc'coiuos — 


Channel bed ... 

... 1 X l.jd 

= 

1.50 

., slo))es 

... 2 X 2 X 

l.r2 = 

()0-8 

Inner berms ... 

... 2 X 20 


10 

Spoil banks ... 

... 2 X 132 

= 

2(;t 

Outer berms ... 

... 2 X 10 


20 


Total ... ... .')r5l'.S foot, 

wliich may be call(>(| o;i5 h^ot. 

* We shall then require? an av<*ra{re uidtli of lanti of feet. Tf Iho 
gvotiiid levels varj’, separate caleulatioiis have to be tiiade at eaeii api)r«‘oiable 
change in depth of ontting ; to save time, the .earthwork and land estimates 
are prejiareil t<^eth(*r as tin* latter d(*pends on the buaner. 

Other items to be estimated.—' I'he other items to be included in the 
channel estimate* are dressing and turfing the slopes of tin* sj)oil l)anks, 
masonry boundary pillars for <h*inarcating tin* land and boundary ridg»>s for 
the same purpose*. In estimating for l)oundary pillars (h) not mak(* the 
mistaki? of estimating for pillars which cannot bi* easily se(>n : they should be I 
foot 8 inches square. 1:J incin's lielow ground amt I J feot above ground. They 
are gen<*rally built every y(K) feet, t*xeept on curves, wln*r(* the distaiuie is 
2 . 0 O feet, lletwec.'ii these pillars a boumlary ridge of i*arth is maih* «*.\'actly on 
the edgt? of the land acquired. If it is made 18 inches high to start with, it 
will s»*ttle afterwards and will not hi<h* the pillars ; th{*se ridges have another 
adx’antagc : after tin* spfiil bank lias been made some of tin* in-w (*arth will 
wash down during the rains, tin* boundary ridge will (*ntrap this, and the 
sjiace betw(?en the bank and tin* ridge will lK*cume r,'iised a foot or so, and 
the neighbouring cultivators can tln*n have no doubt as tf) where the bound- 
ary is, and there is in) e.xcuse for encroachm(*nts. 

'Phe tops of the. syioil banks shonhl be. slop»*d outwards from the channel 
side so that rain water will flow oft' towards tin* fii*lds and not towards the 
channel, thus preventing rain cuts forming down tin* channel slopf*s. 

One otherpoint about tin* (‘xcavation of tin* channels : you must rt*membor 
that when tin* earth is h(*ape<l up in tin* spoil bank it will occupy a huger 
area than before it was dug. In fixing up profiles this must l»e taki'ii into 
account, as the earth will 8i*ttle v<*i'ticaHy the widths will lie the sann*. On 
the Mngra Hat Scheme we found that an allowance of 2 inches in a foot had 
to be made. In tin? abovf* case the amount of setth*m(*nt to lie allowetl for will 
lie 12 feet x 2 inches = 2 feet, so that the lianks have* to be made 14 fe(*t 
high originally instead of 12 feet. 

TompOrary lands. — In some places tin? chanin*ls passed through the low 
sw’amps, and, in ord(*r to save in tin* cost of land, it was decideiJ that the 
spoil earth should lie spread out in a thin layer over the low ground. I'he 
laml required was with the consent of the ti*nants acquired temporarily ; 
that is, (Jov«'rnment paid a small rate for the land annually while the works 
were being executed, and aft(*r\vards it was liaini(*d back to the t<*nants. The 
land so raised with tin* spoil is now use»I for growing jute and other o'ops ; the 
average deptli pl;iced on the land was foot ; in order to pre,V(*nt the spoil 
from being washed hack into the channel the banks wen* made 8 feet high on 
the channel side and 2 feet on the li(*ld side. 'I’lie land required for the channel 
itself and In feet herms was acquired outright. In the case of the Sangrainpore 
outfall channel at th(3 upper end this was done among other cases ; the lurd- 
width of th»! channel was 35 feot and tin* depth of cutting was 7 feet; the side 
slopes wore 1 to 1 ; the quantity of excavation was therefoi'o (35 + 7) x 7 
= 294 8. ft.; half of this was placed on either hank = 147 s. ft., ami tln^ 
width of temporary land required was = 5h, say, fJO feet ; tlu? width of 
pennanent land was (35 feet + 2x7 feet + 2 x 15) = 7!) feet, sav, 80 feet 
(Fig. XV). 

Decrease in sectien ef Channels in the Swamps. — In some eases whei'e 

the channels passed through the lowest swamps they were ileereased in 
size as the swamps themselves form(‘«l the (diannels ; this was the case in 
the Usti- Nainan channel. The bed-width of the first 3^ miles above Usti 
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was 80 foot as it passisd through fairly high ground ; it was then reduced to 
45 feet in the swamps ; again, whore it passed through high lands between 
village sites at Chakdah, it was widened to 80 feet, and above this again 
reduced to 45 feet to Hainan, when? it passed through the largo Magra H&t 
main swamp. In the low lands the earth was spit'iad out in a thin layer ' and 
tin; lantl ac<iuirod temporarily. 

It tnust not be forgotten that the drainage water must l)e given free 
access to the chaimeis, so that gaps in the spoil banks must be left at 
convenient plac(‘S. Whore this is done provision for exti’a land has to be 
made for d(‘p«.)siting tljo surjdus spoil, which w’ould otlmrwise have been 
I)lacod on tin? land rx;c!iiph‘d by the gap. 

Minor Chonnols. — Now* with n^gard to the miimr channels round Magra 
ilat, th(! calculations for these channels wore based more on the fact that 
navigation had to be provided for throughout the j'ear than that they were 
to l;e used for drain;ige. 'I'lie lowest ground was found to he about + 5*0() 
ami this regulates tin' level of the water in the cold and hot w<?atln!r8. With 
wat('r level at +.5'()0 and the channels graded for drainage nniuireiufints only, 
the beds would have In'on too high for navigation ; the cliaiinels w»n*e there- 
fon; designod to suit navigation in tlie dry weathi'r. A loss of 1 foot was 
allowed due to evaporation ami al>sori)tion and other causes making miniiniim 
water level at + I’OO ; ami it was found that for ordinary “donga” trafUc ^ 
feet (leptli of water was sufticieiit, so that the bc'ds of most of tin.' minor 
channels were fixed at + 2‘00; for large heats coming in from the Hooghly 
and I’oali rivers 5 fet't depth of water was allowc'd, ami tin' through channel 
from Utterbag to Diamond Harbour rtV? the 8ur.iipore and Kaorapukur 
to Xaiiiaii ami thence to Diamond Harbour by the Ilsti-Nainan outfall ami 
the creek, was th'signeil with a inaxiiniim IuhI level of O'OO ; to permit of 
bouts entei'ing, a lock was constructed at Diainoml Harbour and a second lock 
ifi under construction at Utterbag on the IV.'ili. 

Cross Dom. — I tliink 1 have now given you tin; main ])oints to he taken 
into (M)nsid»>ration in designing the channels. I will now i'«.'tiirn once >nore 
to Diainoml Harheiir, and tell yon about tlio diversion of the drainage water 
from the creek into the diversion channel, and thus through the sluice into 
the river. 

As you will understand, if the water is to he diverted tlirough the 
sluice the original outlet must he closed up to exclude the tides, to prevcnit 
them from doing anj' further damage by silting up tin; channels. In this 
case the main Diamond Harbour creek had to he closed with a dam below 
the offtake of tin? div(;rHioii channel. You A’ill r(;nn'inl)er tliat I told you 
before, tin; length of tin; divc'rsion channel Avas altm’ed From §-ths mile to 
a little over 1. inih? ; in other words, the oll’take from the (;n',(;k was moved 
furtln'r upstri'am (.see Fig. VI j ; this was <lone to mak<' room for tin; dam, 
vvhicli required about .50 lakhs f)f cubic feet of (;artli. Moth of the creek hanks 
further down were croAviknl with houses, and there was no ro<ari to obtain 
sutficiont t;arth for the dam ; by altering tin' position o[ the offtake this difii- 
culty w’as ov?;rconn; ; anotber point in favour of tin; site chosen was that the 
dam would be above; the In'inl in the ore;ek in a reach wdiieb rati e'ast and 
west, and It Avas then'fore prote<;t('d from direct waA'c action from the 
Hetoglilj’ ; a site near tin; railAA’ay station was then'fore chosen, as earth cnald 
then be ohtaJmxl from the diA'crsion ehaniiel and tin; AA’orks of both comhinod 
and cheapened. The dam could not of course be made till the sluice had 
lH;('n built, and in tins meantime the preliminary work Avas pushed on. 

Scouring of the Creek. — While this was going on tin; tides had free 
access to the creek up to the mouth of the Dassanni /cAaH, and a short length 
of the upper end of the diA’ersion channel had to he loft unoxcavated till the 
dam Avas made, to pr(;v('nt the tides entc'ring it and int(;vfering Avith the work ; 
it was also thought that by excavating the upper reaches of the creek par- 
tially some drainagi.' might he doin', and that possiiily some of the silt might 
be washed f»ut of these oliannels, and the cost of excavating them decreased ; 
the h('d of the (;reek near the Dassanni /dal mouth was very high, but the 
tidf' pat sing up and down tin' /dal mnintained a small chunnei ; a dam was 
tin'i’elore. made; across the creek just ahovn.; this point, and the channels 
above partially excavated ; during the rains the dam Avas cut and the 
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drainage water allowed to pass down from the swamps ; the ett'eet *vas extra- 
ordinary ; as the tide ilowed and ebbed it stirred up tlie new silt and during 
ebb carried it out into the Ilooglily ; by the end o£ tlm drainage season 
the Nazra kJutl had scoured out to a section whicJi was slightlj^ larger tlian 
that required, and the creek l)clow Usti had widened out and deepeneil si> 
much that it has been found unnecessary to do any excavation at aU, except 
to straighten some of tiu' worst bends. On the Nazra hlial alone, which 
is 2 miles 1,000 feet long, a saving of Us. 25,000 was made, and in the cre»*k 
nearly 2 lakhs of rupees wore savt^l. 

This case is an important one to roimmiber ; in cases where an old 
silted channel exists, it may l)e found much eheapin- to follow it than to make 
a new cut across the fields ; if tin* silt is new it will wash out »?asily, once 
it is started off by making a small cut down the centre of the channel. 

Method adopted in closing the Greek with a Cross Dam.— The dam 

over the creek at Diamond Harbour wras nuule of earth ; the closing work 
was commenced iu N(»vemhor IDOH from both banks simultaneously ; prior 
to this a large quantity of earth ha»i Is'en colloct(>d on c^ach hank close to 
where the dam was to he made, and this was h>ft untouched till tin! final 
closing had to l)o done ; all the earth from the <liversion channel close liy 
was heaped up on the southern hank to decrease the lead ; and on tin' south 
hank of the creek a large (piantity was dug from the land on thi' west of tlio 
dam and hcatuHl up on the centn* line ; to obtain ('urtli for the preliminary 
dams tram linos were laid down and the earth brought from tlie loiigtfst 
leads first ; this was ti])p(Hl on to tlio hanks of tlie cri'ck which wero covered 
with mud ; as the luirth was thrown it sliiiped down into the be.il displacing 
the silt at tlu! hottom of the rivto- ; this heaping uj) of earth was continiii'd 
till till? end of .lauuary IfiOh, and by this tinm the clay had extended from 
either hank into the middle. wJioro it met, forming a hard apron which could 
bo Seen at low tide, which formed a hard foundation on which to build 
U]) the dam; to prevent excessive expansion of the clay apron sidiiways a 
large quantity of hamhoo piling was used ; this was driven with mallets at 
low tide ; it was found that the most efiective piling was what is termed 
cross-piling ; it eousisti.Hl of hamhoos 2.5 to ,•{() foot long driven at an angle of 
•15" both ways and tied together with horizontal bamboos and string, as in the 
sketch (Fig. XV la; ; several such lines had to he madi' on eithi'r side of the 
dam ; as the first one was pushed out l>y the moving earth, a second was made 
closer, and so on ; these lines of piling are shown on the plan (Fig. X\’l). 

liy thctiiid of .January IbOl) the width of the creek had been decrcaseil 
from 4.50 feet to 2,50 feet and the lied had been raised from - l!)'00 to - lO'OO 
on the average. T’he first thn.'i! attempts to close were failures, as tlie 
dams which were made across the gap were breached, and it was net till the 
foiu-tli attempt on the night of the 1st March that succisss was attained. 

• As the channel was gradually narrowed by advancing the two oiubauk- 
menta the tides continued to ilow through the gap and the velocity ineveased ; 
in order to \tvotect t.lie noses of the embankments a gootl deal of. livushweod 
was use'? ; this was plaiied along the noses and held in position by )wi,cr8 of 
earth, and it formed a most efi’eetive protection. As tho tides got lowor and 
lower the uosi s w-.e-e jiushiHl out further, so that by tho time the tides had 
fallen to tlieir lowe <t the gap tvas only 55 feet widi! ; on the night of the 1st 
March the closure was inaili? ; tlie (lain was pushed forward still further 
during the ebb tide, and the gap narrowed down to 44 feet ;a large ])inewood 
baulk 60 feet long and 12 inches square was then hauled across and the ends 
embiHided in the noses of the advanced embankments. (Fig. XVTI) ; on the 
upstream side of this baulk bamboo piles were driven about 6 inches apart, 
thus forming a needle weir ; hags of earth were then thrown in as fast as 
possible on the upstre.'un side of the piles which prevented them hein.g 
carried away by tho swift current ; a dam was thus formi.'d with earthen l^ags 
right across the gap and the current stopped. In tho meantime the noses were 
pushed on, and before the tide turned an earthen emhankment had lieen made 
right aiiross iu the still water below the hags of earlli ; tin's was tlien 
gradually raised as the tide rose ; this work was doiii! during the lowest 
neap tides, and as tho tides rose daily higher and higher the dam had to he 
raised to prevent overtopping. I have not given you the full details of the 





nu‘tli(Kl of doing this work, imt havr only outlined the main points ; all I wish 
to do is to put Indore you tlie ehief points to he kept in view when construct- 
ing dams across tidal streams. The full details are giv(m in my report on 
this work dated 11th May 15»U!* ; in some cases where the kfml to be closed 
is a small (.»ne. an old country boat is purchased and at the time of closure 
is floated into the gap and sunk there ; it is generally ^lled as full as possible 
first with bags ttf earth ; as somi as the l^oat is sunk £he curnmt is to a great 
extent stoppcrd and an earthen dam is carried over it. 

After closiir<‘ when raising the height of the dam, care nmst he taken that 
no earth is ihroini duriiaj ebh tiiie ; Wfirk shoidd be completely stopped on the 
<lam itst'lf ; as tin' tiile recedes the pressure is relieve«l sxnd the earth on the 
(lownstn'am face will slip down ; any furtlujr eai’th a-ddt'd at tins time will 
increase tin* slipping; work should always bt* carried on during the flow tide 
when no slipping will take place ; hut before so doing, all cracks must he cut 
out. refilled with earth and well rammetl. As the- <lam is increased in height, 
flic base must be widened ; this wiih'ning must all be done on tin* domi- 
streaiii or title side, and no earth should be thrown on the u|)Strenni side as 
this may cause a general slipping of the whole dam. The first thing to do 
as soon as the tide turns is to fill up the hollow caused by tlie slip, layer by 
layer ; each layer shouhl be about :l feet thick and should he start'd from 
tlie em/s iieare.st the hanks of the river, and gradually advanced to me(!t in 
the miildle ; the coolies then have to pass ov'or tlie new laytu* Jis it is formed 
and will (mnsolidate it ; if there is time' after the hollow has been filh'd, 
widening may he done on the downstream side hy throwing earth on to the- 
slope, hut care must he taken to watch tlu; rati' of rise of the tide to see that 
it does not ovi-rtako and overtop the emhankmeiit ; it is geni'rally better to 
do till' laising first and the' widening afti*rwards. 

W’ork will have to he continued in stn'ngtJioiing and raising tin.' dam 
till I he next highest spring tide ; after this it is advisalde to leave the dam 
alom' d.uring the. I'lisuing neaps to allow it to settle and dry ; after this it 
can he made up to full section. 

As work has to la* carried on ('very flow tide' it i.s necessary .to liavt? 
plenty of lamps to give a go(Ml light at night, so thaf the smalh'st crack 
in the dam can h(' (letectc'd at once and cut out and rammed ; sjiecially 
experii'iici'd nu'ii must he einployial for this. If these cracks, which an* du(5 
to settleim'iit, an* not found at once, the dam Tiiay he hn'ached ; it only 
re(iuires a l'i*w miuut(*s for this to occur in some cases. 

Till* cn'St of the ('inhankment was eventually mad(5 uj) to +27’l)() or 
1 feet above tlu' level of the maximinu storm wave, and the crest width 


was mach' f(.'('t to <;arry a metalled road ; the slopes were also turfed. 

inCrBaSS in th8 “ Run off.” — I im*ntioned Isd'ore in a previous l(?ctiiro 


that the "run oil” was taken as 0*0 inch in 21 hours in place of 0*7o inch 


owing to a mistake in the calculations, Imt that from actual practise:* ii is 
O Jtli inch with water leved in tlu* swamps at - f> *00. The r(*ason lor this is 
that the l’t?ali sluice discharge's about twice' the ejiiantity of water ne'ce^ssary 


to drain its own basin of 27) seiiuirc miles, and the capacity of the Diamond 


Harbour creek is very great ; in caleulating the* sizes of tlie edianuels 
below ITsti we. assumed that the discharge would cease wliem the tide was 


altove+ 7'()0 ; as a matter of fact this is ne't the case; the creejk is so large 
below Mineial that the? level of the water risers very slowly ; practically no 
hacking up oceujrs at Usti and th(*refore there* is full discharge throughout 
the 21 hours at this placet ; we found that the. sluice re'maine*d closed for 
'•p] 'J’ = ", Iiours pe*r tide, and it is th(*re£ore clear that the creesk is capable of 
storing all the* water which Hows down into it during this period from the 
tnvamps : when rhe* sluice opens again on the falling tide all the wateir thus 
(;olle*(;ti*d passes out into the river, and the creek is emptied sufficiently to 
eolh'ct the' wate'r during the next closure* ; wlnat haiipens of course is that the 
sluice* eliseliarge's more water during the? time it is open than shown hy the 
e;!dculatie)ns. 


1 leave now given you the main eletails of tlie works executed for the 
main Diamond Harbour basin; the einly works T have not mentioned are the 
bridge’s and ferries and ejnarters for the staff ; the type of bridge used mostly 
was of the screw pile* pattern as the foundations were generally of fine sand ; 



the8«". bridges were lniilt where tiie main roads (jrossed the ohanui'ls ; in 
otln'r plaees, wlion* trallie was small, Cerry boats wi'ie supjdied. 1 do not 
intmid going into the details of these works, but will now turn to the other 
tw<i portions of the schcMiie. the iSurjiporc and Habka. 

Surjipore section • — The old Surjipore sluice was situated at Surjipore 
on the khnl of the same naim! and about (5 miles from its mouth, and was 
built about 45 years ago, at a time wh(m the country between it and the 
I’eali rivto' was unreclaimed and was covered with jungh' ; since tlnm the 
whole of the land has been oidtivated, the result being that tidal spill has 
lietMi cut oil’ and the sluici' h»ft iidaiul with no spill to kt*ej) open the khnl. 
The khal of e.ourse began to silt uj), and the only way to prc'vent it closing 
up altogether was to silt-clear it p'l'iodieally ; when tlu' Magra Ilut Scheme 
was proposed it was ascertained that this basin forim'<l ])art and parcel of 
the Diamond Harbour basin, and that the two could not v»‘ry well lx* 
sejiarat»‘d ; the sluicx' lay a(;ross the khnl. thus forming a tlead end. and the 
titles tist'tl to carry up silt from the I'eali river anti ilt>pt)sit it l>elow tht* 
sluie.e ; tluring t'hb title tht*rt‘ was practically nt) e.iirrent tt> wash it bat;k intt> 
the river anti tht're it remaititxl choking up the khal. 

It was tlit'refore decitled tit builtl a new sluice at the mouth of the 
Surjiptx'e khal anti tt) close the khal with a tiani at the mouth. 

Sluice Calculations.— The an-a draiuiMl l»y tin* iii*\v sliiifr is S(|iian‘ 
mill's, anil, allowinf^ a “ run oif’* of 4 iiiuh in 2 [ hours aiul for full tiilal 
aolioii, a iliscluirgi' of f *; of io x J x = 757 c. ft. piu- socoud is miuirod ; 
with a di'])t.h of water over tho. hroast-wall of 5 fi»t't. tin* lougth of luvast-wall 
nM|uiri'(l is 41 h'ot and throo vnits an' suiliicituii ; hut in ordi'i* to assist tho 
main sliiicr at; Diamond Harhour an t'xtra two vonls won* suj)])licd and tlio 
Iriigtli of tlif hrt'ast-wall was incrcasiMl r.o ♦>() ft‘('t. Tin* lowm* rt'aclics of tho 
khfti wi*.n.5 in fair ordor, as tho dam at tlu' niourli was madi* soon aft.i'r tho 
drainage* m'ason, and tin* ohanm*! Iiad s(*ounMl out to a <j^ood si‘Ution, and oidy 
ahoul 1 i- mih's at tin* hoad had to ho t*x(*avati‘<l ; this (diannrl acts tn a great 
I'xtcnt in tlu* same way as tin* Diamond Harhour <. rock ami a largt quantity 
of wati*r ponds up in it wlii*n tlu* sluice is (dosed ; from actual ohservatioii it 
has h(*eu found that this sluice discJiarges about IdJhO c. ft. per secomh with 
an nrdinary Hood at low tide*, or about imdies ])er day from its basin ; or, 

putting it another way, it drains at the rate of inch in I hours froju 
50 scpian* miles ; that is, it is twice as powi'rful as originally inti.iided. 

Tile works umlertakt*n for this jiart of the seheme were tlu* consiruetion 
of the Pi-ali sluice, closing the Surjiyxin* at its mouth, partially dis- 

mantling the old sluice at SurjipfU’i* and irouv(’rtiug it into a hridgi* to give 
inon^ watm'way for drainage and navigation, and the (construction of anew 
nmhankmeiit along the right hank of tlu* Peali river, iS miles in length, 
to protect tlu* land which had h(*en reclaimed and was already protected by 
siiiafl zainindari emhaiikmcnts whic^h pn»vented any spill taking i)lac.‘e. 

Habka Section . — r will iiuw turn to the tliinl section of the scheliu? — 
that of the. Habka basin : its ar**a is 50 s<iuar(* miles, ami the Oiscliarge- of 
the sluice will be twice that for l\'ali sluice or 2 x 757 = 1,514 c.ft, second ; 
4 feet of water was allowed over tin* breast-wall and tim length r(*quired 
was 5H'7 feet, wliich was called 00 feet ; the area of the water passing ovesr is 
60 X 4 = 240 s(|uare feet, and the sami* area w.as giv(Mi in tlu* vents ; six 
were .allowed of S b'ct x 5 Fe.«?t = 210s(]uart' fi'ot ; tie? onlj' channel i.‘xisting 
through which any drainage could lx; done was the Kharampara khal. and 
this had almost silted up ; all the otlier khal.^ wen* level witli the, fields 
and many of them had lx<en turm-d into paddy-fields ; the l\haram])ara khnl 
(5nt<'rt*d the river about a mih? above, Dliosa, wlxu’e.as the sib* chosen for the 
sluice Avas close to Dhesa ; at this place an old khnl exist(*d whi(?h it was 
deeiiled to utiliz(' for the oulfnll ehaiinel ; Ix'fi.re tlx? slui(!e was madi*. (?iits 
used to he made in the enibanknx*nt at this plac«? for draiiiag«* ; on the 
last occasion the cut wideue(,l out to such an extent that it get out of control, 
and the kind deepened and widetuxl out so much that it ha<l to he eventually 
closed a mile inland, and marginal (unhankmenls were made along its Imnks 
to proA'ent the tide spilling over tlx? fields ; above tlx? ])hic<.' where tlx? dam 
was mad<? the old khal existed for another mile, and Avas u.sed for the out- 
fall ; heloAv the dam the khal) had filled up with silt which had to he 
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excavated. A cross dam was Jiiadc a(;r«)ss the Kharainpara khal at its nunitli, 
and ill onler to divert the water draiiie-d hy it anew cut, a mile long, was 
made troiii ahovt; the dam to the sluice channel above the siilici'. 

'I'iie main cliaiuiel was extended to the soutli to join up will) thi> ilorar 
khal ; tlie section was decreasi'd gradually Iroin <>() feet b(‘d-widtli at the sluic(< 
to 5 feet at the uppm* end, according to tin* art'a draiu(‘d ; from Udichali to 
liarasat om* of tin* minor chaniu'ls was excavated wdtli a hed-width of ID fi*et 
anu hed-level at + i'DO to form a connecting chanm‘l between this section 
of the schi'ine and Magra llfit for navigation ; siiitalde liridges were con- 
structed, where reqiiiri'd, over the channels. 

The works were of the ordinary kind, but there, is oin* point which 1 
should lik(' to draw att(‘ntion to in connection with the sluice design ; the 
largi'st swamp lii's close to the sliiici* about half a mile away, and almost all 
the water from ilio basin drains of its own accord into this swamp across the 
Helds ; in fixing tin* level el tin* crest of tin* breast-wall the channel was 
gradeil from a ])oiiit some o mihis away from the sluice, with the result that 
when the sluict' was brought into operation tln'n* wits a tremendous rush 
through it at low ti<le ; no account had bi'eii taken of the proximity of tlu^ 
larg(‘ swainj), so that a much greatm- depth of water jtassed over the brt*ast- 
wall than estimated, and the sluice was very nearly washed out ; grading 
should have been start(>d from tin* main swam]) close by, insteail of o miles 
away ; tin* breast-wall had to l)e dismantled ami a higher one built in its place. 

I have now given you the jirincipal details with n*gard to this large 
drainagt* scheme, and in doing so I have* attempted to bring before you the 
chief dilliculties met with in carrying it out. so that you will be abh* to 
foi’see them if ever yoU liav<* to do work of this nature. I would also imjiress 
oil you the necessity of seeing that all materials usi'd in the works an* of 
the v(*ry best obtainable ; in tin* ease of bricks this is of the first importance, 
as tin* salt in tin* water will attick any that an* not thoroughly burnt and they 
will ra])idly crumble to jiieces. 

Arapantih aad Khari Basins.— 1 will now bri(>ily outline the proposals 
put forward for draining two of the otln*r basins iiisidi* the t>mbankment. I 
have already mentioned the* Arajianch and Khari cases, where the sluices 
wen* built across the dr.ainage khals, forming ili*ad einis <is in the ease of the 
Surji) on* sluice. 

The Arapanch basin drains into 'folly’s \ulla through a braneh khal 
'file sluice is built across the braneh khal about mih*s from its mouth, 
heavy dejiosits of silt oe.ciir below it. and in adilition to this tin* detm’ioration 
of the Ibtiyadhari river has extt*nd(*d to tin* nulla itst'lf. 'I'lie outfall to the 
Hidyadhari is therefore in a very bail state, and the basin cannot be ])roperly 
drained. 


'I'o get 
in*w outfall 


over tln*so ditUeiilties it has been ])ro])osed to cut ail entirely 
channel direct to tin* I’e.'di river, and running parallel with the 


Kast(*rn I’x'iigal Statt* Wail way. the channel being sliiitfod at its mouth. 


advaiitag(*s of this scheme an* : — 


A shorter lead " to the main river and therefore a gniater longitudinal 
sh)])(' n*suiliiig in a (dn*a])t*r channe!. and a much l)ettt‘r river into which to 
discharge* the water. In tin* middh* of the basin the ground is v(*ry low, 
being about -f- .TDD. so that v(*ry low lev<*ls havi* to be* worked to in design- 
ing the sluice. 'I’liis is an examjile of a cast' in which an entir(*ly now outfall 
had to be looked for. on aecoiint of tin* existing sliiict* being badly situated 
at the uppt*r i*inl of a dying khal. 


Anoth(*r similar casi' is that of the. Khari sluici*. 


'I’his sluice is built 


across the khal of the same name! and is situated fi miles away from the main 
river. The k/nt! is no*v of litth* us(* as it is fast (dosing up. Xetv works wore 
tln*r»*fore pro]>osed. which consist of a new sluie(* and outfall ch.aiinel draining 
into the iMoni river, the sluice being ]ilnced close to the bank of the river. 
This river is not in such gcMnl order as could be wished, but it is the only 
one in this locality which is of any si/.e. It will probably sttllice for the next 
2D to .'!(> years. l)Ut it is already silting ii]) ratlier fast. Tlio works hav(? 
recently been eoninienced. 


Dotoriorstion of tho Bidyodh&Pi Rivor. — I numtioned in a jitovious 
lecture the c.-se of the Widyadhari river. This river iis(*d to spill freely into 






ihv Salt Iiak(‘S to tlio c'ast of (Calcutta. It joins tlio Mat la at Port (;anllin^^^ 
'riu‘ silt carried up by llie ilow tide used to bo deposited in the lakes 
tlioinscl VOS, and tin* tid(‘S iiad frcM* aiuaitss to tin* lakes on l)Otli sides : as tin* 
land has gradually rist*n, attcnupts liavi* bivii made to reclaim portions of tin* 
lakes, wliih? the remaining area has Immui converted into large fishery grounds. 
The latter did no harm so long as tin' frt*e spill of tin* tidt*s was allowcil to 
continue. l>ut at the presi*nt day mattt*rs havi* alteriMl entirely. 'Fhe wat(*r 
from the river is now only occasional ly allowi*d to spill into tin* lisln‘ries and 
is also only occasionally (Iraiiied out. I'liis river has lK*(».n kepi alive (*ntirely 
hy tidal s])ill, draining v(*ry little rain water eomparativc'ly sp(*aking. Now 
that tlie [n*«* spill has h(*(*n int('rler(*d with, the river is rapidly <leer<'asing in 
sciction and at the pn*sent m(>nn*nt the ImmI is silting nj) at tin' ratf* of m*arly 
H fei*t a yt'ar. 1 have ln*n* a section of this river where it passi*s tlirongli 
the lakes (Fig. XVIII). Yon will set* that in ISS»> it was a ii(*ep rivt'r, tin* 
lowt*st h*vel of tin* ht'd htung “iS’Hlt f(M*t lii‘h»w mean st'a h*vt*l ; in IDO I tin* 
h(*d had ristm to 2!)‘7I r(*et lM*h»w mean S(*a h*V(*l. Now it is only 0 fiu‘t 
l)(*h)w tin* saint* datum. The avt*rage hc*d-levt*l is now only about o leel below 
mt*an st*a h*vt<l. Thus in #50 years the h(*tl has risi‘ii r>.‘>‘7 ft»t*t, or. say. at tin- 
rate t)f al)t)at 1 J let*t |)t'r annum. Sinci' IDOt tin* silting lias l)et»n more rapid. 
In niin*. yt*ars tin* lowt*st hivt*l of tin* l»t*tl has rist‘n 2S'70 ft't't. or al tin* ratt^ of 
2'()#i let*t pt»r annum ; at this rate tin* rivt*r will prohahly entirely silt up 
within tin* next tt*M years or h*ss. At Ptirt l\'iniiiiig tin* llidyadhari. Knitiitaig 
and Atarahanka all join to form tin* ^Intla. I’ln* Atarahaiika is for all 
])ractical purjioses a dt*atl rivt*r. 'riie ht*tl of tin* Knitigong is high ainl dry iit 
iial r t*hb tidt*, anti the llidyadhari will he th*atl sln^rtly if tin*. ])n*s<*!it condi- 
tions art* allowi*ii to prevail. It folhiws tlu*n that tin* Mntia must follow suit 
l)i*f.()rt* long. In fact tlit* sections 1 hatl takt*n tif this rivt*r reci'iitly show 
that tlt*tt'rn)ration has S(*t in aircatly. 

'rin*n* is only one pra(Jti(\al way of prolonging tin* lives of tliesc* river.s. 
and that is hy allowing the spill to takt? place again rrt*t*ly. 'I'ht*y cannot he*. 
k(*pt open hy dredging as the cost would bt* t*in)rmt>ns. 

The l)(*d of tin* I5idyatlhari has now bt»tn)m(* practitndly lt*vel ; this is a 
sign of th*terioratit)n. A tidal rivt'r in goot] onli*r has t*itln*r a. \ or II setrtion 
roll ml the bends. IMiis ty])e of sjM-tion is now tlisappearing on tliis river, 
showing that tin* current is not siinieieiit to <n<‘ate a s(?oiir. 

'rin* river also gives a gooci cxamiih* of (In* cart* which must Im* taken in- 
fixing the site fora drainage slnic-j*. At I5ansra tin* river is trav(*iling sontli 
at the rate of lM*tween 200 to #500 feet a year. A largf* liorsc^-slnx* b(*inl has 
fornn'd at this jilaee whieli has heeii exti*nding itself for at least the Iasi, 
on yt*ars. 'bln* position of the rivi'r at this plaet* is now about l i to 2 miles 

further south than it was yi*ars ago. No one would tln*refore think for a 

moment of Iniilding a slni(-(* on this iu*nd. 

• fn conclusion, lei me give ynu a litth* atlvici* : never, ifpossibh*. fall out 

with tin* enltivalors whose lami y«ui are going lo drain ; keep in with them, 

ami, as far as p(;ssil)Ie. do what tln*y want with regard to tin* alignment of your 
cliannels. Von a ill . omelinies meet with opposition to a jiarticniar alltmment. 
Do not brush this aside without fully going into tin* matt(*r. If yon can, 
without <*\tra expeiise. divert y(»nr channel a little this way or that. If yon 
(*V(*ntnally choose an alignment which is accejited hy all, yon will hav’e' no 
fnrtln*r trouble, whereas If you do not, yon will probably iirnl that the schemci 
will be delayed, which nn'ans extra (-xpt'nse and jx'rhaps the loss of a year’s 
crops. 

As far as possilile, allow the local people to do the ex(*avation of the 
chaiimds ; they are the p(*oph‘ who will evt*ntnally havi* to pay for the 
Hcheim*, and it is only light that they shonhl rec(*ive a refn»nl in tin? way of 
wag(?H. The mom*y spent should, as far as possihh*. go hack to tin* people who 
are int(?r(*ste<I and have* to pay. On the Magra IbU Sclu'im* practically tin* 
whole of the channels wtu’e (^xcavnb'd hy the local pei'iih*, eaiOi village 
turning out to «*xcavate tin* chanm^l n<*.arest it, and at one tinu? about 5, ()()() 
local men were (‘mploycul. Another point is that, at the time the scheme is 
lu'ing carrii'd out th(*n? will he a c(*.rtain amount of distress locally, and tin* 
wages (»arned hy tin* villagers will enable th(?m to tide over the tinn* of 
scarcity until they can again raise gocxl harv(*Kts. 

B S. Pr«sH— 2342-1913— 539J— 450— T. W. L. 
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